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MeflLods of makliigblalogiea] materials and uses theredf 

The present inventiott relates to ametiwd for packaging viral particles such 
that one or more peptides oq the surfece of the virus particle are derived 
fiom the packaging cell. By incoipofatiiig oertaia pq)tides it is possible to 
taiget viral particles to specific ceil types. Such a system is of use, for 
exanqde, in gene-Oierapy treatments. 

The development of somatio gene therapy as a treatment for single gene 
inherited diseases and some acquired canditions, such as certain types of 
canctt-, lepresenls one of the most in^Mjrtant technical advances in 
medidne. 

Blood related disorders suoh as the X-linked immunodeficiencies, or 
chronic granulomatous disease (CQD), ate amongst the most favourable 
candidates as model systems ibr the evohtioi of this technology. The 
geneial feasibility of gene fher^ for disorto of tiiis typeh«> be«n amply 
demonstrated by the results obtamed in the treatment adenosine deaminase 
dependent severe combined immunodeficiency (ADA-SOD) using 
peripheral blood T-cells. 

Howey«> many problems stand in the way of tte realisation of the promise 
of these techniques. Por example, in the expedments described above, the 
T-cells including the genes requked by the patients are not immortal, 
requiring the therapy to be repeated at regular intervals. Fuittier, attenqrts to 
effect a permanent correction, for example by gene transfer into phiiipotent 
haematopoietic stem cells (PHSC) , have thus far been unsnccessfirf. 



Most of the dmical gene tfcerspy trials that have been imtkted to date have 
employed ex vivo strategies m which cells are genetically modified outside 
the body and reimplanted. The ability to deliver genes accurately and 
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efiScdeufly to selected target cell popolatiaos in i^o would greatly expand 
the scope of gene Iheraiiy, Imt carcmt vectors are not wdl smted fiar ftis 



Retroviral vectors offer a very high efiBlciency of chramDsomal integratioa 
and are therefore well suited to gene therspy strategies, where it is a 
lequixement that the therapeutic gene should be stably transmitted to fiiture 
progeixy of the taiget cell. RecQmbinant retroviruses have ih^fore been 
used in xnany dinic^ gene therapy protocols for ex vim transduction of 
cultured T lynqxhooytes, jShroblasts, keratinocytefi» hepatocytes, 
haexnppoietic stem cells and neoplastic cells. 

There are very few active clinical trials in which retroviral vectors or vector 
- producing cells are bdtng used for in invo transduction of neoplastic cells, 
by direct inoculation of tumour deposits or by instillation into a cavity (eg 
bladder, periton^ or pleural space) whose wall is infiltrated by tumour. 
However, for in vivo transduction of lymphocytes, haematopoietic and 
other stem cdlSj, vascular endothelial cdls and disseminated malignancies, 
it wiQ be necessary to develop retroviral vectors tbat adhere selectively to a 
target cell population when administsed, especially when adininistered 
intravenously. Nontargeted vectors are inadequate since Ifaey will adhere 
piedomirmntly to nontarget celjs when introduced into the bloodstream 
leading to miassive vector wastage and iacreasing the likelihood of 
undesirable side - effects. 

Several approaches to developing retroviral vectors that can target specific 
cell types have received considerable attention in rrceiit tunes. 

It is possible to modi:^ retroviral particles chemically to try and facilitate 
their entry into human target cells. Lactose coated JJ — galactosidase — 
transducing retroviral particles can specifically bind to the 
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asialoE^ycoprotem recefrtor oa &e hnman HepG2 cells. However, the 
process is veiy ineffident and fh^s form of chemical modification does not 
seem to ofifer a broad approacii (Neda et al^ 1991). Molecuter Tjrfdges 
b^een fee target ceU and the transducing viral particles have also bedi 
tried to no effect (Goud et al., 1998) or at a cost of very lov cfRdency of 
<ransduction(Roiixera?., 1989; Etieonfi- Juan efa/„ 1992). 

An alternative approach is to engineer vital specifioty by modifying flie 
viral envdope glycoprotein Wnding site snch that novel polypeptide 
sequences ai« displayed wMch confer a degree of target ceU specifiraty. 
p Soch an ^jptoach has led to a widening of viral tropism, however, a 

disadvantage of modifying the viral envelope glycoprotein was a reduction 
i« the efSoiency of viral pardcle fannatioii (titre) (Valsesia - Wittraann et 
. al., 1994). 

Alternatively, it is possible to replace the entire retroviral binding site witib 

a n«w bindmg domain to coofe- an entirely new taiget ceU binding a^ 
to Ihe i^vlnis (Easahara et al„ 1994; Han et al^ 1995; Matano et al., 
1995). However, this approach has yet to be successfully lepeated (Cosset 
I and Russell, 1996). 

Attempts have also been made to add new polypeptide sequences to the 
viral envelope by genetically modi^ the viral genes encodmg the 
surface ^ycoprotems. In diis approach the native jretroviraj bindmg domam 
i«nains intact and novel target ceU specific binding domains are added to 
the vims. Many polypeptide binding domains, inchiding sweral single 
Cham antibody fiagments and polypeptide growth feotors, have now been 
expressed as N-temdna] extensions of the Molon^ murioe leukaemia virus 
CMLV) SU glycoproteins (Cosset et al, 1995; Schnierle et a/, 1996; 
Sonria et ai., 1995; Russell et al., 1993; Marin et al., 1996; Valsesia - 
Witfanann et al., 1996). However, viral incorporatian of such chimeras is 
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usuaHy reduced several-fold coii?iared to wfldrtype eavdopes, pisnmably 
reflecting a reduced efficiency of folding and/or oligomerisation (Cossett 
«nd Rassell, 1996). Heace Hibto spears to be a reductiuDn in viral litre with 
tfais appr<^iL 

In a lecent example of the latter appxoach^ GoUan dnd Oroen (2002) 
atfCTOfyted to modify MLV trppism by incc^cporating iiitegnn receptor 
ligands into the vtxal exivelope. Although tte audiors coflDMslnded that &hort 
Uganda could be successfully introduced^ sucIl an agpproach is veiy arduous; 
xa ^cess of 40 chimeric envelope derivatrres were synthraised. 

The present invention seeks to provide viial particles which exhibit a 
modified cell binding activity;, that is^ a cell binding activity Vvhich is 
di£EereDt from that of the native vims binding activity. 



In a liist aspect, the preset invention provides a method of raaking a viral 
particle having a moddfied cell binding activity comprising: 

(i) providing a viral padkcaging cell containing viral nucleic add 
encoding a viral particle having a first cell binding activity; 

(ii) the viral packaging cdl also containing nucleic acid encoding a 
passenger peptide,binding moiety; 

(iii) e^qpressing the viral nucl^c acid and nucleic acid encoding the 
passexkger peptide binding moiety so thst a viral particle buds fix>m a 
packagjaatg -ceM-m embrane and the passenger peptide bi Vidin g moiety is 
provided at the cell membrane such that the passenger peptide binding 
moiety is incoiporated into the viral particle to modify its fir^t cell binding 
activity. 



Surprisingly, simply expressing a desirable membrane bound peptide 
within a viral packaging cell allows one to effect incorporation of that 
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peptide ixxto viral particle which bud ftiMi a "viral i^ckaging cell 
membiane. Hence, ibe m^ods of the iaveotioii obviate fhe need to 
genetically eogizLeer viral particdes to ^quress the peptide as a fusion wilh 
one or more protdns at the surface of a Aval particle, eg llie ctv protein of 
letrarviruses. If the meamfazaiie bound polypqrtide was, for example^ a llgand 
that binds spedfically fD a target cell tyi^^ then the viral particle of dbe 
invention would spedficalty target tiiat cell type. Aceordia^y, the vixaJ 
pHTticles of the inventiciii also provide a means of dfiUvedcDg a bioactive 
agent to a target celL i 

A iiirdier surprising benefit of the m^ods of the inveadQii is that there 
appears to be no sigmficant' reduction in viral titre. As discussed above, 
existing mefliods of producing viral vectors with modified ceD binding 
activity lead to a significant and undesirable redaction in viral titre. 

Without wishing to be bound by any irarticular theory, we believe that the 
viral particles incorporate 'passenger' peptidra into the viral envelope 
during viral budding. 

The methods of the invention have the still further advantage tiiat a single 
type of viral particle can have a common efiEbct upon many different cell 
types in a cell type — specific manner by simply transfeoing a single type 
of viral particle into different packaging cell lines that express a single 
target cell specific polypeptide on a cell suxfece membrane through which 
the virus particle buds, it is possible to manufacture a range of viral 
particles, each having a different cell tj^pe specific ttopism conferred by the 
passeager peptide incorporated into its viral envelope. In other words, the 
invention allows one to select target cell specificity by selectmg the viral 
packaging cell, rather than the existing approaches which involve 
genetically engineerfng a difier^ viral particle. 



11/07 '02 15:Z0 FAX 0115955Z201 ERIC rOTXER CLARKSPW Ifl 010 



It is prefeired that title passenger peptide Iwiidmg moiety is nonnaUy a 
xnembrane-boimd peptide biBding moiety. HowevCT> a$ described below, 
noMnembrane peptide bindijag moieties can also be expressed as a fusion 
to polypeptides wbidi incotporate a plasma ynembrane integration or 
^anchor' zegiazL 

The pad^ging cell may be modified to introduce one or more passenger 
peptide binding moieties to be incoiporated into the viral particle. For 
example^ the packaging cell may expr^s tw^o oa: more diflFerent peptides 
l^^ving peptide binding moieties that can interact with the same taig^ cell 
type» for e>cani^le a fanman haematopoietic cell, in this ^y> it may be 
possible in izuarease the efficiency of taigeting of the viral partide to a 
target cell type. 

By "viral packaging cell" we mean a cell in which a viral vector can be 
eTcpressed and fixmi which viral particles can be produced. Packagmg cells 
may be any animal cells permissive for the virus, or cells modified so as to 
be permissive for the vims; or the packaging cell constructs for example, 
with the use of a transfiirmalion agent such as calcium phosphate. Cell lines 
which can be used as packaging cells for retroviruses included rodent cells 
such as MH/STS cells and other murine cells; a suspension cell line such as 
CaiinBse Hamster Ovary cells (CHO>orL929 cdls. 



For exanqile^ in the present invention a prefimred. retroviral pacKagmg celT 
line is called Phoenix (Grignani et al., 1998; Kmsella and Nolan. 1996), 
discussed further in Example 2. Hie Phoenix ecotropic and anqphotropic 
packaging cell lines used in the accompanying examples were kind gifts 
from Dr Gary Nolan, Stanford University, California, USA. These cell lines 
are second generation relrovinis-producer lines for the production of 
helper-jGree ecotropic and amphotropic retroviruses. The lines axe based on 
the 293T cell line, a human embryonic kidn^ cell line. 



In a piefered embo dnneM me viral particte is derived fcom an enveloped - 
virus, for exan^le retrovimses indoding rous sarcoma vims, b n mm and 
bovine T- cell lenkacaniainrns (HTLV andBLV) and lentivirwses such as 
human and siirdan immraiodeficiency viiM and SIV) and Masoji - 

Pfizer monkey virus; foamy vin^; herpes viruses (HSV, varicella-zoster, 
vaccmia); Pox viruses; orthomyxoviruses including influ^Ka; 
paramyxoviruses inchiding parainfluena respiratory sjTCwytial virus, 
Sendai virus, mumps virus and mrasles virus; corocoa and flavrviroses; 
alphaviruses; Aabdoviiuses including vesicular stomatrtis virus and rabies 
virus; vaccinia viruses; bunyavirusea, and roost RNA viruses, e-g. 
Rhabdoviros VSV (vesicular stomatitis vims). Also iochided are those 
enveloped viruses disclosed in Figure 18 and ft© following documents: 
Dimmock and Primrose, (1987), Bodero et a/., (1997), Strauss et aL, 
(1995), Griffiths and Rottier (1992), Qaroff aL, (1998) and Cadd et al^ 
(1997). 

By 'jBrst cell binding activity' we mean tibe binding activity of the virus 
which dictates the natural host cell range of the virus. The host range of a 
virus generally is par^aDy deffirmined by a portion of the virus surfece 
receptor moiety on the snt&ce of the virion. Vims host range is further 
defined by the unique molecular biology of the infected cell by 
enhancers/promoters controlling gene expression. Some Vfruses attach to a 
specific cell type. The viruses produced by the packaging cell line will also 
attach to a specific cell type, by use of a natural surface receptor moiety. 

By "binding nooiety* we mean a moleonle that is available on the surface of 
the viral particle to bind to a molecule on a target cell. The 'binding 
moiety' may be a molecule on the virus or virus-like particle modified in 
snch a way that its binding spedficity is changed, or it may be a molecule 
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added to, ajid eKposedcaitiiB surface the viral jwulicle to provide aiiew 
binding speaSjcsty, 

By "passenger peptide bijiding moiety' we mssa a peptic with a binding 
moiety esqaressedby a viialpackagmg cell tiiat is incoiparated into the vital 
psificie daring vital budding from a cell xnraoLbraiie. 

The teim ^peptide' is al$o intmded to embrace polypeptide and proteins. 

By 'modified cell binding activity' we mean that the viral particle can 
interact with one or more dtfiferoot cell types tlian that of the unmodified 
viral panicle. In thiss way, the cell binding activity (or "tiopism*) of the viral 
particle may be modified such that the vital particle can bind to a wider 
range of cell types than the unmodified viral particle* or a nairower range of 

cell types. 

Hence^ the method of the inventibn can be applied to produce viral particles 
that have a modified cell binding activity such that the viruses can bind to a 
spedfic cell type. 

By packaging cell membrane' we mean any o£ the membrane fiom which 
viral particles bud, including sui&ce (outer) plasma membrane^ nuclear 
envelope, endoplasmic reticulum, and/or golgi complex membrane. 
Although the majority of enveloped viruses acquire tbeir envelope by 
budding from the outer plasma membrane, some, such as the herpesviiuses, 
ntilis© the nuclear membrane listed here (see Figure 18, adapted from 
Diinmodi and Primrose, 1987). 



In a pi-e f e r red embodiment the pac^ging cell membrane to which the 
p^tide binding moiety is targeted is the outer membrane. 
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By ^meinhrane bound pqlypqptide'^ we mean a polypeptide that is insated 
into the memhcane cdf a celL Polyp ^tides can ins€3t into a membrane most 
commonly tiecfuise scnne of the ax^ino adds that comprise the polypeptide 



are hydrophobic hence may stabily IntBgiate into a lipid envircHoment 

i 

Non-membrane-bdimd polypqptidcls may be used in the inventicm if the 

polypeptides are fused ix> a regiori of polypeptides that have a membrane 

binding tegton. For ^sTcample^ the membrane — boimd stem cell fector that is 

employed in one embodiment of th^ inveDtioa, and described in more detail 

in Exaniple 1^ may be used as a region of amino acids onto whiob. a non- 

^ membrane bound polypeptide may|fae fused (an 'anchor')- In this case, the 

W 

hybnd polypqptide would be inst^rted into the pla&ma membrane of the cell 
and, hence; into the viral particles c|f the inveotion. OBusc membrane-bound 
gro'wth fkctor trans-membrane regi|>ns may also be of. use e.g. FHr3 liganc^ 
M-CSF (Lyman et al.^ 1995; Cosm^n ei al^ 1988) 

Another polypeptide that can be used is the influenza haemaglutimn 

(HatzdioanQQu et al., 1999; Hatziio^ou et al., 1998). 

I 

I 

^ As was discussed above, fhe methop of the invention can be used to modi^" 

the cell binding activity of a viral particle. By man^^ating the cell binding 
activity it is possible that the viral particles produced by the me&od of Hie 
invCTtion can bmd to spe^idfic cell jtypes. Thra-efore. one application of the 
method of the invention is to produce viral particle that can deliver one cnr 
more bloactive agents to specific cell types. 

I 
I 

Hence in a preferred embodiment o|f the invention, the viral packaging cell 

I 

line coniprises additional nucleio acjid which can be expressed to provide a 
bioactive agent which is active in or on a target cell. 
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By *bioactr7e ageait* -we flocan a molecule encoded by nacleac acid insested 
into tbe viral gsiiome may l4:ve a hiologi 

an (Hganiam, ptefeiably a manroaai containiiJg such a ceO. Snch biological 
effects include a therapentic effect as weiU as oto efflfec 
■utility for non-lJiBr^jeotLc applications. For example, Ihe molecule could 
impart some ther^eutic pippeity upon any cell that flie viral particle 
infects. In a finiiier example, flw i^esirable molecule could have a direct or 
indkect cytotoxic effect ig>on aiiy cell that the viral particle infected, 
Exan^les of types of pre&aed bioactive ag«its axe desoibed below. Non " 
llier^emic elSecta may indnde^ ^ example, biological fimctioiiing of the 
bioactive agent (e^ B — galactosidase) to allow easy detection of a desired 
cell type. Shich detection could ^ valuable fac diae)D''>stic applications as 
wen as for exparimental studies on target cdls. 

i 

By 'infects' we mean that when the viral particle comes into contact with a 
target cell type its genetic material eaiters into that cell type. The 'infection' 
ihsa proceeds according to Ihe tvpe of viial particle. Far example, when a 
retroviral particle infects a target cell type, the iietroviial genome is 
convKted from KNA into DNA which is subsequently incoipoiated into the 
genome of the taxg/sit celL From this point the infection proceeds by the 
synthesis of new ctapies of the retroviral micldc acid from the host genome, 
the retroviral micleic acid is subsequently encapstdaied with viral protein 
and bud fiom Hie outer plasma membrane of the target host cell. 



Viruses that may be suitable fer the methods of the invention are discussed 
in the following papeiSr 

GarofE^ et cd.^ (1998) discloses that alphaviruses, retroviruses, 
ihabdcyviruses, oocthoniyxovirases and paramyxovimss bud from sur&ce 
(outer) plasma membrane; coranaviruses bud from membranes between the 
endoplasmic reticulum and die gdgl complex; while h^adnavinises bud 
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from file mdoplasimc reficulum mfimbrane. M parlicular, letrovirases, 
jjiabdoviniss, oilhomyxoviiuses and paramyxoviruses are bought to 
incoiparate hmt cell proteins during budding and may be particulariy 
suitable in the m^ods of the inyentum. Ihe ^^osure of this document is 
incorporated herein by reference. 



Bodem et al.^ (1997) describe Human Foamy Virus (HFV), the fecfcors 
responsible for its preferential budding into cytoplasmic vesides and its 
poteaxtial as a Arector for genetic transfer. The disclosure of this document is 
incorporated herein by reference. 

GiifKlhs and Rottier, (1^2) reviews five groiq^ heipes-^ rotar, corona-, 
bonya-, and pox- viruses that bud into, or assemble fiom, different 
compartments along the biosynthetic pathway. The review focuses on the 
virally — exicoded membrane glycoproteins that are responsible for 
determining the site of virus assembly. The disclosure of this document is 
hicoipoxated herein by leference- 

By "nadeic acid' we mean either DNA or RNA. If tibie viral particle of the 
I iirvendon is a DNA virus, we prefer that the nucleic add is DNA. If the 

viral particle of the invention is an BNA vims, such as a letrovirus^ then we 
pre&r that the nucleic add material is KNA. 

Methods for inserting nucleic add into the viral genome are well known in 
the art and are further described below (see, for example, Sambrook et oL, 
MOLECULAR CLONING: A LABORATORY MANUAL, 2001. 3rd 
edition). 

Although the viral particle of the invention can be derived from any 
enveloped virus^ it is prefenred diat the viral particle is derived from a 
retrovirus. Such virusra are conamonly used in gene therapies because thdr 
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vtral gBnome fully and stably integrates into liie genome of any infected 
host cell. Hence any imcldc adds encoding bioactive agaois woiild also be 
incoiporated into the host cell geziome. 

Coxxvemently^ the vital particle i$ '^eplicaliQnrdefeclive". By '^licaticxa 
defective'' -we mean a virus whose genetic material has been manipitlated so 
fliat it cannot divide or prolifeFate in the odd it inf«:t5 on its own. Aa 
advantage of sttdi a viral particle is that the virus cannot multiply in the host 
cdl or continue to infect other cells. 

Such aviral particle has the advantage in that 



In a prefboed embodiment the viral particle is derived &om flie retrovrros 
xnurine leokaenua virus OViLV). 

Retroviral vectors encoding MLV are widely available to those skilled in 
the art, such as PDSTCO (Grignani et al., 1998) or the pBabe vector series 
(Morgenstem and Land, 1990). Alternatively, the present invention could 
OTipIoy a lenUviral vector such as those based on human immnnodeficiency 
virus (HIV), caprine arthritis efitcephaUtis virus (CAEV) or Visna-Maedi 
virus (VMV). Further vectors suitable fiw use in the methods described 
b&cem can be readily identified and/or prepared by the skilled person. 

hi another prefezred embodiment the viral particle is derived from the 
human immunodeficiency virus (HIV). HIV vectors are wdll known and 
available to those skilled in the art 

The method of the invention can be employed to modify the cell binding 
activity of viral particles to deliver a bioactive agent to a target cell type. 
One such method of targeting a specific cell type is to incorporate a cell 
growth fector polypeptide on the viral particle* Hence a further embodiment 
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of the juvCTtioin is fhat odb or naare of I3ie passeog^ p^de binding 
moieties is a cell growth fector. 

By 'cdl growth fector'Tre mean a peptide that acte to indnce or 
growth of a cdn to wHch said peptide bmds. Soch a growth feiAsr 
for example, a ligand recognised or recognisable by a specific cell type. In 
such a case ihe ligand may act to promote prolifcratian of that cell type- 
Examples of such growth factors include, but are not limited to, platelet - 
derived growth fiictor (PDGF), fibroblast growth fector (FGF), interlenkin. 3 
QL — 3), granulocyte-macrophage colony-stimulating fector GM — CSF, 
epidermal growth j&ctw (EGF), FLT-Hgand and stem cell growth fector 
(SCF), also known as mast cell growth fector, Mt ligand fector, or Steel 
fector. Nudleic acid sequences encodii^ stem cell fedojis are described in 
WO92/00376» eg the A28 MGF stem cdtt fector. 

A partLcuIariy preferred aspect of the invention is a metliod of modifying a 
viral particle so liiat it can bind to a specific stem cell type. In this way it 
may be possible to deliver a bioactive agent to a population of stem cells 
from whidb a wide range of otb^ cells will differentiate. 

Hence a particularly preferred growth fector is membrane -bound stem cell 
fector. 

By 'membiane bound stem cell fector" we mean the peptide binding moiety 
discussed in Sehgal et al (1996). Nucleic acid sequences aicoding stem cell 
fectois are described in WO92/00376, eg the A28 MGF stem cell fector. 

Stem cdl fector (SCF) is a ligand feat binds to the c - kit receptor protein 
found on the surface of qoiesccait stem cells ((lamel and Weslphal, 1997). 
SCF exists in two forms, a longer soluble ftam and a shcnter membrane 
bound fbrm- The two fonns results fiom differential mKNA splicing, wife 
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Hie solnble fomi having a proteolytic cleavage siie coded by &icax 6, while 
Has mexphianB bound fimn has no cxon 6 and thus no proiEdytic cleavage 
site. 

Thjis, a piefecred embodimeitt of tha inveotiaii is a me^od of producing 
viral par dele comprismg a jncmhrane bound stem cell factor mthin its viral 
Qivelope. Hence, the viral pardcle has a binding moiety that can interact 
■wifli any cell that has a roolecole on the surface with which the 
metnhiane bonnd stem cell taxstcx can bind. An exanqjlc of such a molecule 
is ihe c-ldt receptor. One exan^rfc of a cell type with the c - kit receptor is 
phiEipotent haematopoietic stem cdls (PHSQ, also known as 
haematopoi^c steal cells (HSC). 

Hence in a prefbixed eambodtmeint the inventictt provides a method to target 
viral particles to haranatopoietic stem cells. Such viral particles constibus a 
means (Vector*) of delivering a bioactive agoit to said cdls. 

Of couise, using a pqptide that acts as a growth factor as a means to modify 
the cell ^inrti'Tig activity of a viral particle is only one such type of 
passeEDger pelade binding moiety. The method of the inveatic«Ji can also be 
used to modify lie cell bindii^ activity of a viral particle by adding an 
antibody, ot an antigen binding firagmenl thereof, in which case the viral 
partides will teke up the cell binding activity of the antibody or fiagmant 
tlieteof Methods suitable tor usmg antitjody-derived cell binding moied.es 
in viral particles are well known to those skilled in the art (Agar et al., 
1996; Russell et aL, 1993). 

Hence a further preferred erobodimeo^t of the invention is a method of 
modifying the cell binding activity of a viral particle as described above 
v^ierem the peptide binding moiety is an aadbody, at an antigen binding 
fragment thereof 
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In one piefened embodimeiit flie binding moiety has the bimfing activity of 
any one of a monoclonal antibody, ScFv (single chain Fv fiagmentX a dAb 
(single domain antibody) or a minimal recognition imit of an antibody. 



The binding moiety may be a monoclonal antibody. Monoclonal antibodies 
which wiD bind to many of Ihese antig^ are already known but in any 
case, with today's techniqnes in relation to monoclonal antibody technology^ 
antibodies can be piepated to most antigens. The binding moiety may be a 



fragment (for examcple, ScFv). Suitable monocdonal antibodies to selected 
antigens may be prepared by known techniques^ for exaniple those 
disclosed in 'Monoclonal Antibodies: A manual of techniques'', H Zola 
(CRC Press, 1988) and in "Monoclonal Hyhridoma Antibodies: Techniques 
and Applications ^, J G R Hurrell (CRC Press, 1982), 

Suitably pr^ared non-human antibodies can be "humanized" in known 
ways, fbr example by inserting the COR regions of mouse antibodies into 
the firamewoik of human antibodies. 



The variable heavy (Vh^) and variable li^t (Vl) domains of the antibody are 
involved in antigea recognition, a feet first recognised by early protease 
digestion experiments* Forflier confirmation was found by "huraanization'' 
of Todeait antibodies. Variable domains of rodent origin may be fiised to 
constant domains of Hiitnan origin such tiiat the resultant antibody retains 
the antigenic qjedficity of the rodent parental antibody (Morrison et al 
(1984) Proc Natl. Acad. Set USA 81, 6851-6855). That antigenic 
specifid^ is confmed by variable domaix]ts and is independent of the 
constant domains is known fiom experiments involving the bacterial 
expression of antibody fiagments, all containing one or more variable 
domains. These molecules inclode Fab-like molecules (Better et al (1988) 



part of an antibody (for example a Fab fiagment) or a synthetic antibody 
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SefewK 240, 1041); mDleoules (Skepca et al (1988) SbieTzce 240, 1038); 
ScFv molecules irfiae the Vh and Yi. partner domains are linked via a 
flexible oligopqrtide (Biid «rf (198^ SdenC^ 242, 423; Huston et al 
(1988) Nad. Acad, 85, 5879) and dAbs comprising isolated 

V itomaliis (Ward al (1989) JVo««r« 341, 544). A genesal review of the 
techmqufis involved in the synthesis of antibody ftagments which retain 
their specific bmding sites is to be found in "WTmier & Milstdn (1991) 
iVoM 349, 293-299. 

By "ScFv molecolea'' we mean molecules wherein the Vh and partner 
domains aie linked via a flexible oligopeptide. 

It may be advaniageons to use. antibody fragments, raflier than whole 
antibodies. Effector functions of whole antibodies, such as con^lement 
bmding, are removed. ScFv and dAb antlhtocfy fiagments can be expressed 
as fusions with other polypeptides. 

Mimmal lecogdition units ixiay be derived from the sequence of one or more 
of the complcmfintaiy-detarmining regions (CDR) of the Fv fragment. 
Whole aulibodies, and F(ab% ft^ents are "bivalent?'. By "bivalent" we 
mean diat the said antibodies and F(ab')2 fragments have two antigen 
P^mWning sstfis. In coffHast. Fab. Fv, ScFv. dAb ftagmenis and minimal 
recc®Didon units are niiQdovale»t,Jiaving only one antigen combining sites. 

From the above it can be seen that one application of the hrvention is a 
method of prodncing a viral particle having a cell binding activity confctted 
by an antibody. In this case, the viral particles produced may bind to any 
ceU type to which the antibody or fragment thereof binds a cell surface 
antigen. Hence in a fitfther embodiment of the invention, the peptide 
binding moiety of the viral particles recognises a target ceU - specific 
sur&ce andgen. 
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It win be ^^preciated by ^se skilled in tbe art that Mnding moieties which 
«re polypeptide inay be caaveoienliy jmade tisiog recoinhiaant DNA 
tecbniques. The bindh^ mcas^ msy be fu3ed to a protdn eispr^ed on a 
membrane of the padcagjng odl bb disclosed above. 

Nucleic acid sequeaces encoding marry of the targeting moieti^ are known, 
for exsffxxplc diose for peptide hormones, growth, factors, cytokuiM and the 
like and may readily be fowid by reference to publicly accessible nucleotide 
sequence databases such as EMBL and GenBank. Once the nucleotide 
sequetice is laio\ra it is routine for a pei^on skilled in the art to xpake DNA 
eaiooding the chosen binding moiety ustng, for example, chemica] DKA 
synthetic techniques or by using the paLymeirase chain ruction to snxphfy 
the required DNA firom genomic DNA or £nom tissue-specific cDNA 

Many cDNAs encoding peptide hormones, growth fectorSj cytokines and 
the like, all of which may be useful as binding moieties, axe generally 
available, fox example firom British Biotechnology Ltd, Oxford, UIC 

Exaniples of cell surface andgexis that may be bound by a viral pardcle 
produced using the method of tibe inve^ition are shown in the table beJow. 
Also shown are the antibodies that are available that bind these antigens. 



TABLE 1: CdDsiUfface antigens for tajcgeting 
a) Tumour Associated Antigens 



Antigen 


Antibody 


Existing uses [ 


Cardno-embiyonic 
Antigen 


C46 (Amersham) 
85A12 (Unipath) 


Imagiug and flier^ of 
coloo/rectnm tumours. 


Placental Alkaline 
Phosphatase 


H17B2 (ICKF, Travels 
&Bodmer) 


Imaging and therapy of 
testicular and ovarian | 
cancers, | 



r 
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iPanCaidoom 



PolyiDfiiphic Epiliielial 
Madn gjinnan milk 
fet globole) 



NRJLU-10(N©o«x 
CaipQtatioiL) 



toa^ng apd therapy ' 
varioTK caK»n-oinaS 
jnchiding small 
igne capoer. 



HMFOl (TaylOT- 
pHpadunittiou,ICiUP) 



g.hiimatx ChCftionic 
Qonadofticipiii 



A caibohydiatB on 
Huxnani Caidnoinas 



C2>20AiJi^gejioaB 
Lymphoma (jiannal 
and neoplastic) 



^ gndaeoplas 



W14 



Bn^ngaad therapy of 



ovarian cancer and 
nleOPaleSusions. 



Targeting of 
carboxypeptidase to 
human xenograft 
choriocaidnoma in 
nude mice (Searle et al 
{i9Zl) Br. J- Cancer 
44» 137-144)^ 



Tar^ting of alkaline 
phosidiiatase (Senter et 

85, 4842-4846^ 



Targeting of alkaline 
phosphatase (Scntex et 
al(19SS)PNASVSA 
85, 4842-4846. 



»Hellstronie^Wa986) Ccmt^Res, 46, 3917-3923 ' 
\3aas&etal(,mS)Proe. NaO. Acad. ScLXJSA^, J766-1770 



Oflier antigens hichide alphafoetopiotein, Cari: 
b) ImmTme CcH Antigens 


i5 and prostate specific W 




Antigen 


Antibody 


Eating weK | 




Pan T LyiMpliocytej 
Sur&ce Antigen 
(CD3) 


OKT-3 (Ortho) 


As anti-rgection 
therapy for Wdncy 
transplanis. 


B-lymphocyte Surface 
Aiitigcal(CD22) 


RFB4 (Janossy, Royal 
FreeHo^ital) 


Inonxunotoxin Ihcxapy 
of B cell lymphooia. 


PanTlyinphDcyte 
Surface Antigen 
{CDS) 


H65 ^odmer and 
Knowlcs,ICRF; 
licensed to XcHna 
Coip^USA) 


]biu3iunotoxiii 
treatment of acute 
graft versus host 
disease ibeumaboid 
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ailhntis^ 



Antigen 


Antibody 


Existing uses 


M^l^Ips virus-related 


Axiti-iiiamps 
polyclonal antibody 


Antibody coiyugated 
to di^b£hedatc»dnfor 
treaimmt of mnn^. 


HepaiitisBSar&ce 


AndHBsAg 


Icximunatoxni against 
h^atomfi. 



Since it is possible nsing the method of the invmtion to produce viral 
particles tbat can bind to specific cell typesa oms application of the mvention 
id to mploy the viral particles to introduce into the target cell types a 
bioactive agent that may be of beoefit in the detection, prevention and/or 
treatment of a disorder associated -wilb the target cdl. Exsaxples of cell 
types that mediate spedfio disorders axe givea in the table above. 



Further examples of the types of diseases and disorders that may be treated 
by virus particles used according to the invdbtion are given below. 



A farther aspect of the invention is a viral particle having a modified ceE 
binding activity obtainable by the methods of the invention described 
above> the modified cell binding activity being confexred by a non-viral 
peptide other tiian a cfaimaenc viral polypeptide made by fusing the native 
env portion of the viral peptide with a peptide binding moiety. Such 
excluded viral particles include, inter is/fe, those disclosed in WO97/12049 
(whose contents are hezein incorporated by reference, amongst other things, 
for ttkC pmpose of possible amendment). 

By *other than a chicoaeric viral envelope polypeptide^ we mean that the 
modified cell bind activity of the viral particle is not isrovided by a 
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polyp^tide f^a* has been, fosed to a viral e3a:TOlc^e polypqrtide encoded by 
Hie vital jaadeic acid using conveDtLon^ genetic engineOTng tedmiqpes. 
Ratlier, as desctibed above the invenficHi modijB^ the cell binding acttnty 
of a viral particle usuig a peptide binding moiety expressed by the viral 
packaging cells. 

In a preferred embodiment the spedfic target cell types that the viral 
particles bind are mammalian, cells, preferably human cells, more 
piefea:ably quiescent cells. Hence the viral particles of the invention can 
bind to mammaliaTi quiescent cells. 

Advantageoosly, the specific target ceil t^^pes that the viral particles bmd 
are human haematopoietic stem cells. 

In tins application, ''qoi^cent^ refizs to cells that axe nnlikely to etiter 
mitosis within the next 24 hours in the absence of appropriate growth 
stinmlus. Preferably, Ihe populaticn of quiescent cells is etiriched io 
liaematopoeitic stem cells, fbr instance by employing the isolation method 
of Beradi et al (1995) Science 267:104 using bone marrow cells- Other 
quiescent cdl types suitable for use in the inveoition include resting T- 
lynqjhocytes, B-Iymphocytes and monocytes, stem ceUs of non- 
haematopoietic tissues such as liver and muscia, epithelial stem cells in 
sldba, gut, bladder and airways, 'vascular endothelial cells> quiftgRent 
neoplastic cells and gemi cells such as sfpetm progenxtora. 

in one pr^fecred embodimeait, the viral particle includes nucleic acid which 
encodes a bioactive molecule having a directty or indirectiy c3^otoxic efTect 
on a target cell. By "directly or indirecfly" cytotoxic, we m«m that the 
molecule is itself toxic (for example ricin; tumour necrosis &ctor; 
interleukin-2; intexfenm'^garcima; libonoclease; deoxynbonudease; 
Pseudomonas exotoxin A; caspase, etc), or it may be metabolised to fenn a 
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taacpicductoritinayactonfiomdiiBgelsetDto T^© 
seqaeaice of ricin cDNA is disclosed in LaiJ^b et al (1985) ^«r- J. BiatAem. 
14S, 265-270 incoiporated herein by refercaice. 

For example, it would be desirable to target a DNA sequence encoding an 
enzyme using the virus « vims-like paiticle of the invention, the enzyme 
being one ttiat convearts a reJativdy non-toxic prodrug to a to»c drug. The 
eaizyme cj^^ine deaminase convKls S-fluorocytosine (5FC) to 5- 
fluorouradl (5FU) (Mullen et al (1922) PNAS 89, 33); the herpes simples)c 
enzyme tiiynridine kinase sensitises cells to tfeatmfint wifh the antiviral 
agent ganciclovir (GCV) or addovir (Moolten (1986) Cancer Res. 46, 
5276; Ezzedine et al (1991) New Biol 3, 60S), The cytosine deaminase of 
any azgauisin, finr example E. coli or Sacc^icarKnnyces cerevisi€fe, may be 



Thus, in a preferred einbodiment of the inventLon, the gene encodes a 
cytosine deaminase and tibie padent is concomrtanfly given 5FC. By 
"concomilanliy", we mean that the 5FC is administered at such a time, in 
relation to the transforroation of the tumour cells, that 5FC is oonverfsd into 
5FU in the target cells by the cytosine deaminase expressed from the said 
gene, A doaage of proximately 0.001 to 100.0 mg 5FC/kg body 
vrd^ghl/day, preferably 0.1 to 10.0 mg/kg/day is suitahle. 

Componenls, such as 5FC, which are converted from a relatively non-toxic 
form into a cytotoxic firan by the action of an euT^yme are temied "pro- 
drugs''. 

Other examples of pro-drug/enzyme combinations include those disclosed 
by Bagshawe et al (WO 88/07378), namely various alkylating agents and 
Hie Fseudomonas spp. CPQ2 eaazyme, and those disclosed by Epeoetos & 



used. 
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Rowlmson-Biis^a (WO 9i;H201X namely cyampgenic prongs (for 
exmxpie anq^gdalin) andplant-dmyedJB-glucosidases. 

EnzTm^ that are useful in this embodiment of the inventicai include, but are 
not limited to, alkaline phosphatase useful for convertiqs phosphate- 
containing pfodiugs into fiee dnigs; axylsiilfatase uscfiil for canvattiig 
sulfate^ntaimng prodrugs into fiee diugs; cytosine deaminase usefiil fer 
canveitit^ non-toxic 5-fluozbcytosinB into the and-cancer dlnig, 5- 
fluoionracil; proteases^ such as ssiedia protease, ihetmoly^ subtilisin, 
caibox^epttdases and calhepsins (such as calhepsins B and L), that are 
nsefiil for converting peptidc-cosntaimng prodrogs into &ec drugs; D- 
alan^icaxboxypeptidases, useiul for converting prodrugs that contain D- 
amlno acid snbstituents; caibohydrate-cleHving enzymes such as B- 
galactosldase and neuiaininidase Dseful for convaling ^ycosylated 
prpdnigs into ftee drugs; fi-lactamase useful for converting drugs 
derivatized with. B-lactams iato fiee drags; and penicillin amidasra, such as 
penicjJilin V amidase or penictUin O amidase, usefiil for cc^vertiog drugs 
derivatized at their amine nitrogens with phenoxyacetyl or phenylacetyl 
groups, respectively, ijoto fiee drugs. AltexnativeLy, antibodies with 
enzymalic activity, also known in the ait ss abzymes, can be used to coeavert 
the prodrugs of the inveotiQn into free active drugs (see, e.g. R J Massey, 
Nature, 328, pp. 457-458 (1987)). 

Similarly, the prodnigs f fff fhi^ fav gntion mcTnde, hnt am nnt liinitftrt to fh«- 

above-listed prodrugs, e.g., phosphate-contBining prodrugs, duophosphate- 
containii^ prodrugs, snL&te-containing prodrugs, peptide-coixtaming 
prodrugs, D-axnino acid-modified prodrugs, glycosylated prodrugs, B- 
lactam-eontainiTig prodrugs, optionally substituted phenoxyacetamide- 
containing prodrugs or optionally substituted phenylacetamide-containing 
prodrugs, S-fluorocytosine and other 5-fIuorouiidine prodrugs which can be 
converted by the enzyme of tihe corrjugate into the more active, cytotoxic 
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free drug. Example of cytoitmc drug^ that ran be derivatized into a 
prodrug fbrm ibr usq in this inyentron include^ Tmt are not limited to, 
etoposid^ texiiposid&, adriamycin, daunomycin, canninomyciny 
arainoptecin, dactinoxxiycin, jnitomyquxSy cis-platimim and cis-platinimL 
analogue bleomycins, esperatnidns (see UjS* Pat No, 4,675,187), 5- 
Suosromacila melphalan and oilier related mtrogen nmstaids. 



In a fmlbesr embodiinent Ihe gene delivered to llie taiget cell encodes a 
jdbozynie capable of cleaving targeted RNA or DNA. The targeted RNA or 
DNA to be cleaved may be RNA or DNA which is essential to the flmcticii 
of the cell and cleavage thereof results in cell d^th or the RNA or DNA to 
be cleaved may be SNA or DNA which encoded an undesirable pxotein, for 
example an oncogene product, and cdeavage of this KNA or DNA may 
prevent the cell from beconiing cancerous. 

Ribozymes which may be encoded in the genomes of the viroses or virus- 
like particles herem disclosed are described in Cech and Herschlag "Siie^ 
specific cleavage of single stranded DNA" US 5^1 80^818; Altman et al 
"Cleavage of targeted RNA by RNAse P" US 5,168,053, Cantin et al 
"Ribozymc cleavage of HIV-1 KNA" US 5,149,796; Cech et al ^'RNA 
ribozyme restriction endoribonucleases and methods", US 5,116,742; Been 
et al "RNA ribozyme polymi^i^es^ dephosphcrylases, lestiiction 
endanucleases and methods, US 5,093,246; and Beexi et al "BNA ribozyme 
polymerases, dephosphorylased, restriction endoribonucleases and methods; 
cleaves single^stranded RNTA at specific site by transesteiificatioo^, US 
4,987,071, an incorporated herein by reference. 

In a still turther embodiment the gene delivered to the target cell encodes an 
audseuse RNA, 
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By "aoliseiise KNA" we mem an RNA molecule winch hyferidis^ to, and 
ittlerfacs with the explosion fiom amENA molecule encoding a pxx>tem or 
to anothsa: RNA mol^ule within flie cell sack as preHmKNA or iRNA or 
tBNA, or faybxidises to, and interfens wifii the esptessian fiom a gene. 

Conveni^tlyy a gene expressing an antisense SNA may he ccmstructed by 
insortii:^ a coding sequence encoding a pgrotein acy'acCTt a promoter in the 
appiopdaCe orientation such that the KNA complemcntaiy to mRNA. 
Suitably^ the antisen$e KNA blocks expiession of undesirable polypeptides 
such as oncograes, for example ras, bcl, src or tpmour suppressor geatie^ 
Such as pS3 andi^. 

It wll be q^preoiated that it may be suflBcient to reduce expression of the 
undesirable polypeptide rather tihan abolish the expression. 

It will be father appreciated that DNA sequexxces suitable for expressing as 
a nt isen s e RNA may be readily derived fiboxxi publicly accessible database^ 
stidh as GenBank and EMBL, 

In another embodiment of the invention, the gene replace the fimcfion of a 
defective gene in the target cell. 

There are several thousand inherited genetic diseases of nnammals, 
including humans, dtiat are caused oy detective genes, ^samples of such 
genetic diseases include cystic fibrosis, where there is known to be a 
mutation in the CFTEL gene; Ducheime muscular dystrophy^ where there is 
known to be a mutation in the dystrophin gene; sickle cell disease^ where 
there is known to be a mutation in the HbA gene. Many typra of cancer are 
caused by defective genes, especially protsooncogenesj and tumour- 
suppresscMT genes that have nndergone mutatiaa 
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Thus, it is prefered that tite viral particle of tiie hivtaitiioii, which may be 
i^efnl ia the treatmeiit of cancer, contains a fimctional protooncogene, cxr 
tnm0ar-5Ui>pressor gene to i^lace the fimction. of the defective 
protooncogeoe CKT tumovir-stiiiq[ii»sc2r gene. 

Exan^qite of protDoncogemes are top, stq, bd and so on; exanq>les of 
tainour-siippa[es;$OT geaies aiep53 isndSb. 

Typically, the desired protein or polypeptide will be one that a patient is 
unable to sj^thesise in his or her body pr does not synthesise in the nsual 
amount An exanq^Ie of this is the use of gene therapy to treat adenosine 
deaminase dq>endent seveie combined inummodeficiency (ADA - SCID)« 
However, the concepts described hmin are applicable to situations in 
which the nucleic add encodes a protein or polypeptide that binds a 
substance that is over^xpressed in a patient's body^, eg. causing some 
hamiful physiological t^tcx^ or a prot^ or polypqptide that can bind to a 
polypeptide that is produced in a patient's body in an umctive form to 
activate it or in an active forai to inactivate it. Preferably, the use of the 
preseait inventioa Ln these applications has the advantage that the therapy 
provided by transfecting the stem cells is long lasting or permanent, fliereby 
helping to avoid the need for frequently repeated treatment. 

Diseases that mig^t be treated uaing the mettiods and materials descxibed 
herein include all forms of dironic granulomatous disease (CGD), all fomis 
of severe combined immunodeficiency (SQD), hyper gamma 
glob nIinaCTnia syndrome (hyper IgM), Wislcott-Aldrich Disease (WAS), 
tiiaUassaemia, sidde-cell anaemia, other anaemias due to deficiencies of red 
blood cell proteins, neutrophil defects dne to failure to synthcsise granule 
components, e-g. myeloperoxidase deficiency, haemophilia and other 
clotting disorders such as con^ement deficiencies, lysomal storage 
disorders, such as Gauchefs disease^ Hurlo's disease, and 
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nmcopolysacchaiidosis, l^ikocytB adh^ian defideiicy (LAD), bate 
lymphocyte syndrome^ cancer and AIDS. 

Odier applications of the mvention inchklB Ifie genetic modificatioa of 
liaexnatopoietic stem cells to fepopnlate immune system with ^neti<»dly 
modified T-lyixqphocytes that resist HIV, the genetic modification of 
haeznatopoeitic stem cells to rqpppulate bone maixow wifti haematopoietic 
progemtozs that rsdst the myelosuppressive effects of cytotoxic 
chemolherapy, and the genetic modification of Tlyii^fhocytes with chhnedc 
T-c^ receptors to target cytotoadc T-cells against tranoitts or virally 
infected cells. 

In a finther aspect, ft© present mvention provideB compositions oo^^lrising 
•viral panides set out abov^ in combinaticdi with a suitable caniex. In flns 
aspect, the present mveiiiioa provides phannaceutical compositioiK suitable 
for delivedng nucleic acid eancodlng a bioactive agent to a population of 
stem cells in vitro, e.g. to pr^are engineered stem cells for subsequent 
implant into a patient Alternatively, the compositiQn could be used in vivo, 
to direcdy deliver flie nucleic acid to a patienf s own stem cells. In ^s rase^, 
the composition preferably comprises a viral vector incarporating the 
nucleic acid encoding a bioactive stgent and displaying a growth &ctor on 
its surface. 

Dy "genu" we mean a amdeic add coding aeguenee tfiat may t^ nni^ 

introns, or jEragment thereof or cDNA, or fiagmexkt theceof 



It is preferred that the passenger beading peptide moiety on the surface of 
the viral particle and die bioactive agent encoded by the nucl^c acid 
contained with the viral particle are both polypeptides Aat may be produced 
by the techniques of genetic engineering. 



11/07 '02 15: 26' FAX 0115^2201 ERIC FOXIER CL&KSSOK — @031 



c 



27 

The micleotide sequeace mcoding the bioactive agent i$ preferably made by 
an altexatiaa of the viral genomfi. Similady, the passeag^ peptide binding 
moieiy expr^ed in the packaging cell may be engineered using tiie 
methods outlined below. 

The OTcleotide sequegoce may be synfhesised de novo usmg solid phase 
phosphoramidite chemistiy^ but it is mora usual for the nucleotide sequence 
to be constructed from two parts, the fu:st eaico<fiDg the desirable molecule 
and the second the vmis or virus-Uke particle. Similarly, the peptide binding 
moiety expressed in tfie packaging cell can be fused to a membrane-bound 
polypeptide region using the methods disclosed hete. The two patts may be 
derived firan their respective goies by lestdctian eadonuclease digestion or 
^ by other naethods knotm by fliose sdcOled in the art sudh as the polymerase 
chain reacjtion. 

A variety of methods have been develop^ to qperatively irnk- two 
nucleotide sequences via complementary cohesive terminL For instance, 
synthetic linkers containing one or more restriction sites provide a method 
of joining the two DNA segment together. Each DNA scgmenJ; generated 
by endonnclease restriction digestion, is treated with bacteriophage T4 
DNA polymerase of coH DNA polymerase I, enzymes that remove 
protmdingi 3'-six]igle-5tranded termini with their S'-y-exonucleolytic 
activities, and fill in recessed 3'-ends with their polymerizmg activities. 

The combination of these activities therefore generates bhmt-eoded DNA 
segments. The bhmt-ended segments aie thm incubated with a large molar 
excess of linker molecules in the presence of an enzyme that is able to 
catalyze the ligation of blunt-ended DNA molecules^ such as bacteriophage 
T4 DNA ligase. Thus, the products of the reaction are DNA segments 
caixying polymeric linker sequences at their ends. These DNA segments 
are then cleaved with the appropriate restriction enzyme and lifted to an 
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expression vector that has heen deaved with an eozyme that produces 
tecmim cx^jcnpalible with those of the DNA segment. 




Synthetic linkers containixig a vailety of i^Ktriclion endonuclease sites are 
cootnmox^ially available &om st jaumber of sources mcluding Intemalional 
Biotechnologies The, New Havm, CN, USA. 

A desijcable lyay to generate fhe DNA encoding the desirable molecule of 
flifi invention and the peptide binding moiety expr^sed in the pad^ging 
is to u^e the polymerase chain reaction as disclosed by Saiki et al 
0988) Science 23% 487-491. 

In this method each of the DNA molecules are enzymatically anxplified 
nsuig two specific oligonacleotide pzimsrs which themselvK become 
incoipoiated into flie amplified DNA. The said specific pximers may 
contain restriction endonuclease recognition sites which may then be used 
to jcdn the said two DNA molecules using T4 DNA ligase as disclosed. 

The prraent invention also relates to a host cell transfoxmed with a genetic 
(preferably DNA construct) construct of the present invmtion. The host 
cell can be either prokaryotic or eukaryotic Bacterial cells are preferred 
prokaiyolic host cells and typically are a strain of £1 coH such as, for 
example, the E. colt strains DH5 available firam Befhesda Research 
Laboratroies Ino.^ Bethosda, MB, USA, and RRl available Ihim ihe ^ 



American Type Cultmre CoUectian (ATCC) of Rocfcville, MD, USA (No 
ATCC 31343), Prefetred ©ukaryotic host cells include yeast and 
m a mmal ian cells, prefexably vertebrate cells such as those fix}m a mouse, 
rat, mcKokey or human fibroblastic cell lina Yeast host cells include 
YPH499, YPH500 and YPH501 which are generally available from 
Stratagen© Cloning Systems, La JoUa, CA 92037, USA. Preferred 
mammalian host cells include Chinese hamster ovary (CHO) cells available 
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fioni me ATCC as CCSLei. NIH Swiss mouse embryo cdls N1H«T3 
available fiom the ATCX: as CRL 1658* and monkey lddne3^ 

cdJs availablB fmm the ATCC as CRL 1650. 

Transfotmation of appropriate cdl hosts witb. a DNA canstract of the 
prescat invention is accompUshed by weU kno>jm metiiods tbat typically 
depend on the type of vector used. Wifli regard to transformafian of 
prokaiyotic iMJSt ceUs, see. for example, Cohen et td (1972) Froc Natl 
Acad, ScL USA 69. 2110 and Sambrook ^ at (1989) Molecular Cloning. A 
Laboratory Mamud, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
I NY. Tranafbimation of yeast cells is described in Sheiman et al (1986) 

Me^iods In Teast Genetics, A Laboratory Manual^ Cold Spring Harbor, NY. 
The method of Bcggs (1978) Noiure 275, 104-109 is also useM. With 
regard to vertebrate cells, reagents useful m transfecting such cells, fior 
example calcium phosphate and DEAE-dextran or liposome formDiations, 
are available fixjm Stratagene Cloning Systems, or Life Technologies Inc., 
Gaidiersburg, MD 20877, USA. 

Electrqpciration is also useful for transfonning cells and is well known in 
) die art for transfonning yeast cell, bacterial cells and veatebrate cells. 

For exaiqple, many bacterial species may be trans&imed by the methods 
described in LuchansJcy et at (1988) MoL Microbiol 2, 637-646 
incorporated herein by refereoce. The greatest rmmber of tcansfoxmants is 
consistently recovered following dectroporation of die DNA-cdl mixHire 
suspended in 2^ PEB using 6250V per cm at 25mFD. 

Methods for transformation of yeast by electropoiation are disclosed in 
Becker & Guareote (1990) Methods EnzymoL 194, 182. 
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Sufx^sfblly traMfonnfid cdls, ie cells that osntaia aDNA construct of liie 
present OTvenlion, can be identiL&ed "fay well koiowa techmquw. For 
eKdmple^ cell3 r^nltiiig ficom "flie introdactioii of an expression constmct of 
fhe present iiivieciiioji caa be gixnvn to produce the cytotoxic geoe product as 
defined in the invenljlon. Cdls can be liarvested and lysed and fheir DNA 
content examined finr the presence cf fhe DNA using a znefiiod such as that 
described by SoirthiBra (1975) J. MoL Biol 98, 503 or Berent et al (1985) 
BiotecfL 3, 208. Alternatively, tixe presence of fhe protein in the scq^einatant 
can be detected using anlibodies as described below* 



In addition to directly assaying for tibie presence of lecombioant DNA, 
success]&il transformatian can be confinned fay well known inunimological 
methods wlien the recombinant DNA is. enable of directing the expression 
of the protdn. For example, cells successfully fxansfbmied with an 
eospression vector produce proteins displaying appropriate antigenicity. 
Samples of cells suspected of being transfbimed are harvested and assayed 
for the protein using suitable antibodies. 

Thus, in addition to the transfonned host cells themselves, the present 
invention also contemplates a culture of those celb^ preferably a 
monoclonal (clcnally homogeneous) culture, or a culture derived from a 
monoclonal culture, in a nutrient medium. 

When th e g e DC tic cuxistmct is a plasnoid DNA coxtetruct it can be purified. 
The DNA construct of the invention is purified from the host cell using well 
known melhods. 



For example plasnidd vector DNA can be prepared on a large scale JBrora 
cleaved lysates by banding in a CsCl gradient according to the methods of 
Clewell & HelinsM (1970) Biochemistry 9, 4428-4440 and Clewell (1972) 
J. BacterioL 110, 667-676. Plasmid DNA extracted in tins way can be freed 
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ftcm QCl by aiBl^e agdisC wiogavft- b«ff« Viddng 

tubing or by size-cxcJjifflon chrOToatogr^y. 




AlteirativdLy, plasnudDNAmay bepttofi^ 

exchange chromatogi^y, for exaraple those suppM by Qiagpa- 
Hydrojcy^te coluinii chromatography may also be used. 

The viral particles prodnced using the method of Ae present invention can 
be modified to bind to specific cdl types, as desaibed above. One 
^cation of this fcatare of the viral particles is in a mefliod of 
emidnng/purifying target cell types fiom a larger population of cella- 

Hence in a Mier aspect of tiie inviention, fihe viral particles of tiie invenficn 
may be ^ as a means by which an enridied population of a target cell 
type fiom a larger population of cells ia prepared, wharein: (1) viral 
particles of the invention, modified to bind specifically to target ceilte, «e 
easposed to a population of cells comprising the target cell type to pennit 
landing to the viral particles; (2) viral particles bomid to target cells are then 
separated fiom the popidation of cells; (3) optiouany. the viial particles are 
subsequently removed fiom the target cdls. 

By 'emiching* we mean that the proportion of target cells presrait in a 
sample cells after die mctbod outlined above has been en4>loyed is 
substantially greater than the proportion of target cdls present in a odginal 
population of sample cells. 

The viral particlBS of the invention may be engineered to cQnqjrise, for 
Bssmpls, a Ugand. or a growth fector, or an antibody that may bind with a 
target cell lype. Such a viral particle can then be wed as part of an 
enrichment method as outlined above, which resembles conventional 
innnunoassays fittniliarto skilled persons. 



11/07 '02 15:27 FAX 011585522i?l ERIC POTTER CaUffl KSON _ f^069 

32 




The viial particles of the jiweatlQix may be enriched from a larger 
pppulaticxQ of viral particles, some of winch may not have incorporated a 
passengCT peptide bin^iing moiety- Using a 

iniimmoaffinity colmrai, well known to those skilled in the ar^ an antibody 
to the passenger peptide can bind to those viral particles that have 
incorporate a passenger peptide. Once bound, viral particle that have not 
incorporate a passenger peptide binding moiety can be separated from die 
boond viral particle. Bound viral particles are siibseqaentiy released from 
the column. An altemative metibod could we target cdlls containing a 
componmt to which ttie passenger pqptide binding moiety can bind as a 
means to enrich viral particles of the invendon from a larger population of 
viral particles. Odier methods to enrich viral particles tiiat have incoiporated 
a passeaiger peptide binding moie^ will be. readily apparCTtt to those skilled 
in the art- 



Using the method of the inventiaa it is possible to incorporate a passenger 
peptide binding moiety that is an antigenic pqptide onto the surfece of ihe 
viral paitides of the invention. . Hence, a iurtfaer aspect of the invention 
provides viral particles of the invention for use m a vacdne. 

Tl^ vaccine may be administered directly into the patient, into the affected 
organ or systemically, or applied ex vivo to cells derived from the patient or 
a human cell line which are sobseqaently administered to the padeni; or 
used in vi&^o to select a subpopulatian from immune cells derived from the 
patient, which are then r&-administered to the patient 

If the viral pardcles of the invexntion are administered to cells in vitro^ it 
may be useful for the cells to be transfected so as to co-express immnne- 
stinxcilating cytokines, such as in£erleuldnr2. The viral particles of the 
invenrion may be substantiaUy pw^L, or combined with an ixrmiune- 
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sftnnlating adjn^ sodi as Detox, or lased in combinatiaa vHlh imnme^ 
stimulatory cytddnes. Suitably, any viral particles of the irrventioa 
adiniiiistei«d to flie patient are sterile and pyro 

Thevax»ine«iaybeadimmsteredT«^^ The vaccine may also 

be adjnimstered with an adjuvant such as BCG or atom. Othw suitable 
adjuvants include Aqaila'B QS21 stimnlcm (Aquila Biotech, Woicestsr, 
MA, USA) whidi is derived from saponin, mycobacterial eastracls and 
synflietic bacterial cell waB mimics, and proprietory adjuvants such as 
Ribi'sDetox. Qiiil A, anofhersaponm-derived adjuvant, may also be used 
(Superfos, Desmaarit)- It is preferred if Hxe vaccine is administered witbont 
acguvant Other adjuvants such as Freond's may also be usefuL 

Associated with flie above appHcation of viral partides of the invention is a 
use of the viral particles to present antigenic peptides to T - cells. T-cdl 
antigen recognition requires anHgea presenting ce31s (APCs) to piesent 
antigen ftagments Cjqptides) on their ceU surfece in association with 
molecules of the major histocompatibility complex- (MHC). T cells use 
then: antigen spedbBc T-ceU receptors (TCRs) to recognise the antigen 
fiagmcnts presented by the APC. Such recognition acta as a trigger to the 
immune system to generate a range of responses to eradicate the antigen 
which has been recognised. 

Using the method of tbss hivention, antdgenic peptides may be inserted into 
the envelopes of viral particles. 

Therefore, a firrther aspect of die inyenfion is the use of die viral particles 
of die invention to present antigenic peptides to m a mmalian . T - cells. 



A fiir&er aspect of the inventiaa provides a method of deUvery of the viral 
particle wHch contains a gene encoding a molecule having an indirecdy 
cytotoxic function to a target cell. 
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Suitably; the ixidirectiy cytotoxic function is an emzyme fliat converts a 
prodrug to a toxic drug- With such viral particle, once the viral particle has 
bound to the target ceHs, delivei:ed its nucleic acid to the cells, and 
expressed the indiiectly cytotoxic iuncfions, \vhich typiaSly takes a day or 
so, the pro-drug is administered. The liming between administration of the 
viral particle and the pro-drag may be optimised in a nonrhmsptive way. 

The dosage of the pro-dmg \riU l>e diosen by the physidan according to Ae 

usual critaia^ The dosage of the viral partide will similarly be chosen 

according to normal criteria, and in the case of tumour treatment, ^ 

particularly with re&resace to tiie type, stage and location of tumour and the 

weight of the patimL The dnj^tion of treatmeot will depend in part npon 

the rapidity and extent of any immune reaction to the virus <^ virus->Iike 

particle. 

Some of the vxcal particles eithear in themselves, or together with an 
dji p i op r i a te pro-drug, aie in principle suitable fin: tfae ' destruction of ceils in 
any tumour or other defined class of cells sdiecttvely exhihiting a 
recognisable (surface) entity. Examples of types of cancer that may be ( 
treated using the viral particLes are cancer of the breast^ prostate, colon, 
rectum, ovary, t^ticle and brain. The viral particles of the invention are 
princip ally intended far fantDan use but could be used for treatixig other 
mammals including dogs, cats, cattle, horses, pigs and she^fT" 

A farther aspect of the invention is a pbamiaceutical composition 
conqnising the viral particles of the invention and a phannacutically 
acceptable carrier. The pharmaceutical formulation is prepared in a form 
suitable for administration to a patient and is sterile and pyrogen free. 
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Whilst it is possible fer liie viral partitles to be administered alone, it is 
praferahle to present it as a jAamaceiJtipl fonndlation, togefcer vn&i one or 
more accq>teHe carriers, ThecairieKs)mnstbe"aceeptaHe"inl^^ 
bdiig conipalible wlfli the con^wimd and not deleterious to Ae redpiOTis 



wats or saline vTincli will be stodle 



tliereo£ Typically, the canias wiD be 
and pyrogen fiee. 



CTtiy be p resulted 



The foocmulalions may CQixveni< 
be pdrejiaied by any of the methods well 
meftods include &c step of b ringing 
with Hie cander which ccmstitates one 
SesoisroL the fonnulaticxEiiS &k piepaied 
i into assodattoxL the active ingredient 
soUd carriers or both, and theP} if n^ 



in unit dosage fomi and may 
known in the art of pharmacy. Snch 
iAd a^odalion the actLve ingredient 
or more acc^oiy ingredients. In 
jy umfbrnoly and inthnaiely bdngmg 
^ vjtti liquid carders or finely divided 
sharping the product. 



leces^ary, 



Fonnulations in accordance wiih the 
adramistration may be pres^ted as 
tablets, each containing a ptredetennin 
powder or granLoles; as a solution or a 
non-aqaeoos liquid; or as an oil-in- 
liqnid amolsion. The active ingredieit 
electuary cet paste. 



discrete 



ed 



WHtei 



pieseiat invention suitable for coal 
niflts snch as rapsul^, cachets or 
amount of tibie active ingredieait; as a 
suspension in .an a<]ueou8 Eqaid or a 
liquid emulsion or a 'walex-iDrOil 
may also be presexited as a bolus. 



A tablet may be made hy canq^tfessioi or mouldinfe optionally iwifli one or 
more acc^sory ingredients. Cwnfressed tablets may b© prepared by 
compiessing in a smtable machine the jctive ingredient in a free-flowing form 
sach as a powder or grannies, optionally mixed with a binder (eg pOfvidone, 
gelatin, lydioxypropylmethyl cellulose), lubricant, inert diluent, pj^servative, 
disintegrant (eg sodium staidi glycolate, cross-linked povidone, cross-liiiked 
aodium caiboagfniBthyl cellulose), ! surfk<»-active or dispersing agent 
Monlded tabl«s may be made by moulding in a suitable nMichine a mixture of 

t 
I 

} 
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lhBpowdeiedccmpomidmiMstCTedT?ri&aiii^ Thftteiblels 
may opfionaHy coated or scoied and may be femmlated so as to provide 
slow or canttollEsd release of the active ingredifflit therein TOing, for eicaniple, 
hydrt»cypropylme%loeanlose in varying proportians to provide desiied 
leleaBepioifilB. 

Foimiilationa soitablB for topical atonnisttatioii in the xnonfli indhide loEjenges 
coinprismg the active ingredieDt in a flavoured basis, usually SDcrose and 
acacia or txagacanfh; pastillra coniprising fhe active ingredient in an infirt basis 
such as gdatin and glyceiin, or sucrose and acada; and mouth-washes 
coxqpdsiDig (be active ingredient in a sidtable'liquid earner. 

Fcarnmlations suitable for pareixtez^ admirdstrBlian xodnde aqueous and nonr 
aqueous stenle inlectloa sobitions wMdbL may contain anti-oxidairts, bnEfas, 
bactedostats and sohitBs twMcIi reader lOua fbEonpiatian isotonic wifli the blood 
of the intended recipient; and aqueous and non-aqucoos sterile suspeosifms 
which may include suspending agents and tinckenlDg .agents. The 
formulatians may be presented in unit-dose or nnuM-dose containfirs, for 
ejxaraple sealed anqvoules and vials, and may be stored in a freeze-dried 
(lyqpbilised) condiiioda requiring only the addition of the sterile liquid carrier, 
fiMTCsianqile water feriigecaonSjinnnediatdypdor to use. Extemporaneous 
hgecdon solutions and suspesnsions may be prepared fram sterile powders, 
giamjles and tsiUets of liieldndpTe^ously described 

Prrfared unit draa^ fimnnlaliQns are those containing a daily dose or unit, 
daily sub-dose or an apprqpriate fiactioatixereo^ of an active ingredieoL 

It should be understood that in addition to the ingredients particnlariy 
mentioned above the formulations of this inventiaa may inchide other ageols 
ocmvenlional in the art having regard to the type of fiDonulation in question. 
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A fiiithcx emboffimOTt of flhe invrardon is the iise of a viral particle 
accQxding to the invrnticm in fte maxui&etuxe of a medicament for die' 
diagnosis and/or Ir^tment and/or prevention of a disease or a disorder, by 
virtue of tihe hioactive ageat encoded by the nuddc aoid of the viral 
particle. 

In dus aspect, the medicament compdsing the vixal paxticles is preferably 
adnoimsteared - by ^Tn p tflnt ^t^?^ into a patient's bone marrow or is 
administered by in£asio& into a patienf s blood. In ordw to allow the viral 
particle? to target the bone marrow whm administered by infusion, 
advantageously, recqitors sucb as integrins can be incorporated on the 
surfkbe of the viral particles. Alternatively or additionally, the 
iimnuxLOgenicity of the viral particles can be reduced by iacoiporating an 
immunosuppressive factor such as FAS-ligand on the viral particles surfece 
which can bind to activated T-cell FASreceptors, triggering the T-cdfls to 
dieby apoptosis, 

FAS-Ugand expressing allogeneic cell implants have poreviously been shown 
to resist immune mediated rejection. 

In a further aspect, the present invention provides a mediod of tiaiisfanning 
a population of quiescent cells with nucleic acid encoding a bioactive 
polypeptide so that the nucleic acid is incorporated into the genome of the 
oeUs, the method comprising exposing the oeills to viral particles as 
described above, wherein the surface bound growtih factor induces the cells 
to divide, so that the nucleic acid encoding the bioactive polypeptide for 
treating preventing and/or diagnosis of a disease or disorder is incorporated 
into the genome of the cells. 
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in 4is aspect, preferably Has qdesoesnt ceJIs are a popolaliQii of bane 
marrow cells* optionsUy enrichfid fcrhaeraabopoeitic stem cells. 

In a fiirther aq>ert, <he present mveotiom p«n^ *«5 «se of a viral 
according to flie invention in the manofectnre of a medicament for 
diagnosing and/or treating a manMnal having a defective gene, wherein 
nucleic acid encoding a molecule for treating a disease or disorder id 
inserted into the genome of a population of cells in vivo by implanlaiion of a 
viral paitide according to the invration into bone manow or by infiision 
into a blood. 

M a further aqject, liie viral paiticdes of the inventicm can be use^ 
transfer. By 'gene transfer' we mean that the viral particles of the Invention 
can be used to transfer nucleic add encoding a bioactive agent to flie 
gename of a tai^get cell. 

Embodnnents of ihe invention -wflll now be described in more detail by 
reference to the following non-liroiiing Figuies and Examples, in which: 

Figure 1 Strategy for ejqpressioa biologically active growth fector on 
letrovkal paxticle suxface. The vectors shovwi and 4e mediods onployed 
are described forther in the description. 

Figure 2 Schematic diagram of stem cell fector (SCF) cDNA. The 
positions of tiie forward (SCF MF) and reverse primer (SCF MR) nsed to 
amplify the SCF cDNA arc shown. Primer sequences arc described in the 
description. 



Figure 3 Agarose gd dectrophoresis of.RT-PCR product fixmi L88.5 
RNA, anqjlified with SCF primers. X.88.5 is a human oeU Ime expressing 
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solnbte aiuimemhranB -"bomd forms offlje stexn cefl fector (SCF). Lane 1 

- lOObp molecular wagjit xnmkei; Lane 2 - RT -PGR aijalysis of RNA 
extracted fitMiiL88-5 cells using SCF MF and MR primers. Three distinct 
bands weie observed, a 913bp ftagment indicative of full length SCF 
eaicoding the soluble isoforax; an 829l)p fragment encoding membxane - 
bound SCF (nib - SCF); and an xmidentified fragment between 700bp and 
800bp, a PCR aitefiict or possibly anothea: splice variant of the SCF. The 
829bp (mb - SCF) fragment was cloned into a PGR cloning vector; Lane 3 

- Control PGR reaction from cDNA of LSS.S, ^mplifidng the GAPJ3H gene 
product of 350bp using GAPDH specific primers; Lane 4 - RT-PCR 
products from reverse transcribed cDNA without the reverse transcdptase 
as template. 

Figure 4 PCR detection of lecombinant plasmids in engii^ered 
packaging cells. The recombinant plasmid, pRepSmb — SCF^ was 
tiransfected by calcivim phosphate precipitation into the Phoenix ecotropic 
cell Une. Stable clones obtained were propogated a»d trypsined when cells 
were aboxit 90% conOueaot. Two inicrolitres of a cell suspension (from clone 
3) containing these cells were subjected to PCR analysis using PrepF and 
EBVR primos to detect the prasence of the plasmids. Lane 1 — lOObp 
molecular weight markei^ Lane 2 — unlransfected ecotropic packaging 
ceils; Lane 3 - Two miciolitres of Phoenix ecotropic cell suspension, 
transfisctcjd with pRepSnab - SCF; Lane 4 pRepSmb - SCF control DNA as 
template for the PCR; Lane 5 - negative control, ie water as template DNA. 
The expected amplified product of 1 164bp was observed in lanes 3 and 4. 

Figure 5 Immunofluorescence assay of Phoemx ecotropic packaging 
cell line transfbcted with pRepmb - SCF. Top panel - transfected cells wete 
grown on glass cover slips and fixed with methanoL The cover 3lips were 
stained with anti - SCF antibody, washed twice with PBS and stained with a 
fluorescent labeled secondary antibody. Cover slips were mounted onto 
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glass dides and viewed imder a UV microscope (mag 400X). The fignte 
demonstrates intense suifece staining. Bottom panel - negative controls of 
miiisnsfectBd cdls. These cdto were not fluaresctaiL The eqjosuie time 
required to capture the negfltivB images (cells) had to be sigmficantty 
incTBased. 

Figure 6 Flow cytometry analysis of retroviral packa^g cells. Panel A 
- Unmodified ecotropio retroviral packaging cells- Panel B - Clone 3 
padcaging cells expressing high levels of mb - SCF proteins. Panel C - 
retroviral packaging cells e^qncs^og CD59, 

Flgnre 7 Comparisoa of retroviral titres. Retroviral titres fixMu 3 
experimenlB virew detennined on NIH 3T3 cells. The mb - SCF modified 
padcagmg cells showed a slight bnt statistically insignificant decrease m 
titre (paired t test, p=0.5. 

FfgnreS Western hlot analysis of rettoviial particles. Top panel - 
retroviral particles expressing the SU portioii of the envdc^e proteiiu 
Middle paod - retroviral particles ejgjressmg mb - SCF. Bottom panel - 
retiovhal particles expressing CD59, a mtaially occnrting protein on ^e 
padsaging ceB. Lane assigaments; I-ane 1 - retroviral particles obtained 
from stable mb - SCF prodndng ecotropic cells; Lane 2 - unmodified 
ccotropic lettoviral particles; Lane 3 - retroviral particles obtained 
ImQsienfly fiom mb - SiJt ecotropic packaging cells. 

Figure 9 RetroviTal binding assays. Retrovirus was incubated with 
target cells and the cells stained for bound virus using and - retroviral 
em^elqpe monoclonal antibody. Panel B - D show the vims binding data 
(green trace) superimposed on the contrbl spectrum (grey) fiom Panel A. 
Panels G sut»d H show the vkus binding data as the heavier black trace 
si5)ci5mposed on the control (grey). A) Mo7e cells alone; B) Mo7e + 
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An^hoteopic Vinis; C) Mo7e +Ecottqpic Virus; D) Mo7e + SCF - 
Ecotiopic Vttns; Panels B andF. Staiimig iof Mo7e cells vnOx antibody to c 
- Jdt Cblack trace) campaied to an isotype ioDtixA (grey trace) before (E) and 
(F) oveniight inoabaiioa wi& lOOngAnl SCT. G) Mo7e cdb fixanpaoel F + 
Ecotropic virus; H) Mo7e celk from p^nel F +Mo7ei-SCF - Bcotropic 



FignrelO Proliferaiion assays using 
sin&ce SCF, 
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retroviial panicles incotposratiBg 



FigareU Itansduclion efficieiicy |>f SCF - modified ecotropic 
retrovirus on human kit positive MoTe cells. 



I 

i 

i 

Figure 12 Transducticm effideacy jof SCF 
retroviros on himiaa lot posi^^ 



— modified ecotropic 



Figure 13 Traflsduction efficiency 



retrovirus on human kit positive LAMA bells 



of SCF - modified ecotropic 



Elgure 14 Transduction efficiejcicy j of SCF - modified ecotropic 
letrovirus on human kit negative U937 cfells. 



Figure 15 Relative transduction effidency of SCF - modified ecotropic 
virus on primary human hacmatbpoietidprogOTiitor cells. 



Figure 16 Relative transductLcn effiUexxcy of SCF - modified ecotropic 
virus on monse bone marrow cells. 

Sigore 17 Relative targeted transductioti efficiencies of hunifln bone 
n^arrow derived CFU— GM 
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BIgnrelS Sctematic diagram shovraig sites of budding of various 
eovi^loped viruses. 

ExanipJe 1: aoning of Hke Iranian meflabTane l»oimd SCF cDNA 

This exanqtle demonstrates a metJwjd for cloning a human gene encoding a 
memhtane bound polypeptide. Stem cell fector (SCF) is a ligand that binds 
to the c- kit receptor protein found on the surface of quiescent stem cells 
(Hamd and WesiphsO. 1997). SCF esists in two fianns, a langer soluble 
fonn and a shoitBr membiane bound form. The two fbmis lesults ftom 
differential mBNA spKcing* wim the soluble form having a proteolytic 
cleavage site coded by exon 6, wWlfi tibe membrami bound form has iMi 
ejton 6 and flius no proteolytic cleavage site CSamd and "Westphal, 1997). 
We wished to expy^s the membtane bound SCF on the surfece of a 
packa^ cell line as a first step to insertijag the ligand into flie envelope of 
a vital particle. 

2. A SCF-e:^essing htawm cell line 

The human stromal cell line, L88.5, a cell line ejqffessmg bofli the 
membrane bound form and the sohible form of stem cell fector (SCF) is 
derived from simian virus 40 (SV40) -transfonned human stroma grown 
from the bone marrow of a hacmatologically normal patient (Thahneier et 

al^ 1994). It eaqpresaes botibi isofiams fif SCF (the gotable isofoim at a 

Mgbyer ratio then the mfimbrane-bound Isofbim), and was used as the source 
of memhranc-bound SCP (mb-SCF) for cloning. It was routineLy maintained 
in Dulbecco's Modified Eagle's Medium (DMEM) supplemented wilh 10% 
heat inac^ated Fetal Calf Senmi CFCS; Gibco). L88.5 waa a kind gift from 

Dr Karin Thahneier (Genuany). 
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Cdl lines were gix>vm at 37°C in hnmidified 5%C02iiiairmtIieincobatoi: 
(New Bnufficwick SdcDiifie, UK). Cefls grown in suspension were, 
josintained at a dteosity of 2-5 x 10^ cells/znl. Adheaient cells veie passaged 
at 70-80% cooflaeDce: cells were detached from fbe tissue culture flask oa 
incnbatjon Tsith trypsiit-EDTA at 3T*C, 5% COa in air for 2 minutes, 
centrifiiged at 1200 rpm 5 mimitK and r^nspeaoded ia the q;>propnate 
growth znedxum. 

Z Isokaion of total SNA from human c^B line L88.5 

Total BNA was extracted fiom human cell Ixpe L88.S cells when the cells 
were sub confihieiiit Solntioos used in KNA manqwlatioa treated with. 
&e RKAase inbibitor diefliyl pjnrocaibonate (DEPC). Sohxdoos ca&taining 
0.1% DEPC were left at room tenqjerature for 12-16 hours Glassware was 
soaked in DEPC-ddHzO for 2 h, rinsed several times wifli ddH20, and 
aotoclaved. DNAse andRNAse ftee (maimfactUTer certified) tips and plastic 
ware were used for all RNA preparation and never reused. Electrophoresis 
tanks were cleaned wiA detergent, rinsed in ddHaO, dried with ethanol, 
soaked in 3% H2O2 and rinsed thoroughly in DEPC-treated ddHaO. Gloves 
were worn at all times. KNA extraction was perfenned using dedicated 
pipettes. Total RNA was ejdracted fiom ^proxioaately 5x10* cells under 
KNAase-free condiiiQns. Briefly, cells wesre directly lysed in 0.2ml 
KNAzolwa B (Biogenesis Lmritei^ Bontnemoulh, U.K.) per 10* ce31s. BNA 
was earacted by the addition of J 0% v/v chlpjwform. San^les were ahaksa 
vigorooaly for 15 seconds, incubated on ice for 5 nnnotes and centrifuged at 
13000 ipm, at 4'»C for 15 minutes. The colouriess aqueous upper phase 
contaimng ENA was ranoved and RNA was precipitated by the addition of 
an equal volume of isopropanol, incubation at 4°C for 15 min and 
caitrifogation at ISOOOrpm, 4*'C focr ISmimites The KNA peUet was washed 
in 75% ethwial, and re-pelleted by centrifogalion at 7500ipm at 4*0 for 15 
mtnutes. The pellet was air dried for 1 O^JS mmutes, and dissolved in sterile 
DEPC-tteated ddH^O. The concenteation and purity of totd RNA was 
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qoantified by optical dmsity <OD) measuxemeat at waveleng^ of 26Qinii 
BOdlSOsnm. AnOD of 1 unit (U) axa&poauSsio a|ipr m?i»at n Ty 40}igA]ol of 
SNA. OD36(/28o ratios of 1.8 and 2.0 indicate big^ pmitiBS of DNA and 
RNA respectively. The icEtegdly of Gxttactod. BKA detracndned by 
specQropihotometcy and agarose electrophoresis. The A^simo "^^f^ 
cojambBn&y found to be 2.0 j&oan Ibiee dififeront eaqpenmoote, and all titie 
thiee species of IQ^A C28S, 18S and SS) were detectable by O.S % agarose 
gel electrophores?. 
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J. KT-PCR anipI0catiort of the membrane bound- SCFmRNA 
Fiist strand cDNA was dies nnsde from the total KNAprepaxatian described 
almve. One fig of total RNA was iised as a lemplate. to produce cDNA. A 
jBveise transca^tion reaction consisting of I |ig KNA, 10 mM of dNTP 
stock, 100 pmol/^l Random hexameres, 5X RT (bt strand) bu£^, 0.005M 
DTT and 2U MMLV reverse tfanscriptase (Gibco. UK) was incubated at 37 
°C for 1 hour. The reaction was subsequently heated to 95 ftwr 5 nun to 
denalinre flie RT enzyme. The reaction pro^ct was held on ice until used or 
stared long-teiro at -20 ^G. 

The cDNA dedved fiom the L88.5 ceU line was used as template DNA to 
clone the membtane-boimd SCF by PCR using SCF primers MF and MR. 
riKt^p-Hs-ar-s^aaagC-XEpTesentation of tfae position o f the primers used. 
The primer sequences used are: 



SCF MP 


ACACXIACTGTTTGTGCTGGATC 


SCF MR 


AACTQTTACXl^GCCAATGTACG 
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The anq)lificafiini reacfian coos^ted of 2 yl cDKA, IjxM SCF forward and 
revCTse primers 200nM dATP, dCTP, dGfTP, dTTP (Sigma), Ix reaction 
buflter coiitanmig ImM Tris-HCl (pH 9.0 at 25^C), 5jmM £0, 0.01% 
Txiton®X-100), l-5inM MgCl^ (Sigma) and 1J25U Tag DNA polymerase 
(Sigma) m a total ruction volume of 50|^ Hot start was earned out by 
addSng the Taq polymerase ^izyme after fhe first 10^15 seconds of iSx 
initial deaataring step at 94^C. The annealing temperatare was optimised to 
60°C fbjr 1 minute and tiie ^ctension temperature to 72*C for .1 minute. 
Thirty four cycles were carried out with the final cycle having an increased 
extension time of 10 mimitK. PGR prodocts were electrophoretically 
analysed in a 2% agarose gel containing 0.5)ig/ml edndium bromide. DNA 
was visualised by illumination with shortwave UV jadiation (30Qnm) on a 
Foto UV 300 series transilluminatoir (Fotoc^ne Incorporated), and 
photographed on Polaroid 667 Sim (Polaroid UJKL Limited). 

Three distinct bands were obsenred on a 2% agarose gel m three diSEtrexA 
esq^erimeaits, including fragments with sizes of 913bp (giving rise to Ihe 
soluble SCF), 829bp (the raenibrane-botmd-SCF) and an unidecudfied 
fiagm^ait of about 700bp. As a positive control for the RT-PCR, GAPDH 5* 
and 3' primers were used, which gave the predicted si2» fiagment of 350bp. 
The GAPDH primer sequences are shown below. 



GAPDH 5' 


GTGAAGQTCGGAGTCAACG 


GAPDH 3* 


GAGATGATGACCCTTTTGGC 



Negative controls were performed by substituting template DNA with water 
and by omittmg the reverse transcriptase enzyme in the RT reaction, using 
the product as template for the PGR xeactioru The r^ults of the RT-PCR 
reaction are shown in Figure 2. 
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Cloning qfOemb-^SCFcDNA 



PCR-amtplified SC3F fiagnients were separated by agarose gel 
electroplwMresis (as described above) and visuaKsed by illumination under 
shortwave UV jcadiation (300nm). The 829 bp firagmoit coitespon<!Bng to 
fte ni^mhran&'bound SCF was excised with a scalpel. The n3b-SCF DNA 
fiagrn^ was gd purified usiotg the Advantage*™ PCR-Pute Kit (dontech 
Lafooiatorira - distributed by Cambrii^e Bioscience, Cambridge, IJJKS) 
according to tfie manufactarer^s insbuctions. The supernatant cQntaining tiie 
purified mb-SCF cDNA was transfecred to a fiesh tube and Ihe yield and 
purity m^suied by spectrophotoxnetry. Solutions of purified DIJA 
fiagments were stored at -lO^'C. 

Ligalion of the gel purified mb-SCF fiagment DNA with linearised pCR2.1 
cloning vector was perfionned nsmg a 1:3 molar ratio of linearised pCR2.1 
vector (50ng): gel purified mb-SCF cDNA fiagment (insert DNA). Vector 
and 'insert DNA were incubated at 14*^C for 14-16 h in the presence of Ix 
ligase jreaction bofi^ (dontecli, UK): 3QxnM Tris-HCI pH 7.$, 10 mM 
Mga2, IQmM DTT, .0.5mM ATP) and 2U T4 DNA ligaae (Promega) in a 
total volume of 10]id. Positive and negative control ligation ructions 
cojnoprising manufacturers coutrol plasinid x^ck performed in parallel. 



The pCR2.1 cloning plasmid was obtained ftom Invitrogen (Netherlands) 
and was used witib liie TA cloning lot (Inviirogen) fur all PGR cloningr-The^ 
TA Cloning Kit Dual Promoter With pCR H (vector) provided a quick; on&- 
step cloning strategy for the direct insotlon of a PCR (or RT-PCR) product 
into a plasmid vector. Tbe princ^le of TA clonxE^ is based on the fact ihat 
Taq polymerase has a non-template dependeot activity that adds a single 
deoxyadenosine (A) to the 3' ends of PCR piroducts. The linearised plasmid 
vector (pCR2.1) supplied in the kit has single 3' deaxyfhynudine (T) 
residues. This allows PCR inserts to ligate e£&ciendy with the vector 
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The above ngaiicmreadicai was transfomied into competent INV Fa strain 
ofE. coU (lovitiQgeai). Rozen conqietiept E.coli c©Ils were thawed on ice. 
Three pi of fhs: Hgation mixture was added to one vial of competent cells 
and incubated on ice for 30 nmrates. CeJIs were suljectBd to lieat shock at 
42°C for 30 seconds and immediately placed on ice fiw 2 nmrntes. 250 id of 
SOC medrum was then added, and the ttanafonnatian jnixture inwibatad at 
37*C for 60 minutes with shaking at 225ipm. The total volume was plated 
onto 15% Luria Bertani (LB) agar plates containing 100 iig^ml ampidllin 
and the plates were incnbated at 37°C for 14-16 hours. Positive and 
negative control tiansfonnadon xcactLons containing closed circular plasmid 
DNA and linear DNA or ddH20 weie pexfiomied in parall^. TransfonnaticHi 
efficiency was calculated by pcrfotming a test t n ms fnnYt atian wi!li closed 
dxcular plasmid DNA. The number of colonies prodoced using 1, 10 and 
lOng DNA provides an cstiimtioo of colony forming unils/]j.8^ 

Sci^ning bacterial colonies for recombinant transfonnants on the basis of 
B-galactosidase activity is possible if the insert DNA is cloned into an 
appropri ate j^icZ-peptide-coding vector and transformed in the INV Fa 
strain of E.ooli. Apprckpiiatc vectors cany a j&agra^ of the KcoU lac 
operon, coding for the Hndoo-tenmnal Iragment of the fi-galactosidase 
enzyme. The INV Fa strain cazties a lac fiZJUbAXS mntation coniplCT:ientied 
by intra-aUelic-coniplOTaentation in the presence of the Zoc^peptide. 
Complementation is indicated by the formation of blue colonies in the 
presence of the B-ga]actosidase substrate 5-bromo-4-chloro-3-indolyl-i5T3r 
galacto-pyranoside (X-gal). DNA cloned into a maltiplo cloning site wWbdn 
the B-galactoaidase coding sequence of the pCR2.1 cloning vector causes 
ins«tiooDal xnaclxvation, resulting in loss of fi-galactosidase activity as 
indicaied by the production of wbite colonies. Briefly, LB agar plates 
containing 100 (ig/ml ampidllui (aaa^) were pre-coated with 40jil of 
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2Qmg/mI X-gal (Boehdnger MmmTifflTn) and 4pl of 20Qziig^ (SOO^g) 
JPTG. and allowed to dty for 2-3 lionrs at 37*^0. Oae hundred |il of. the 
above irgnsfonnation nris: was plated and incfttbafed for 12-16 hours, at 
ST'C. The resulting white cclonies containing the mb-SCF cDNA were 
scre^iedby resfriction dig^ ai]ialysis and KIR using SCF primers MF and 
MR as above, resultmg in an ampMcadon fi:agment of 829 bp. 



The Qrientadon of the fiagments in die pCR2.1 vector was also initially 
detennhiBd by PGR gsmg M13-specific forward primere (on ttie flanking 
pCR2.1 sites) and SCF-spedfic primers (MR) (data not shown) and was 
confinned by sequeaacing (Advance \ Biqtechniology Centre, ZCSM Chaiing 
Cross Canrpus) (sequence not shown). The initial clone selected for 
sequencing revealed a Taq induced feixor (sequence npt shown). Hiree more 
clones were thm selected and sequenced. Clone 2 had the coireot sequence 
of mb-SCF and was selected for su]> -cloning e^qperiments. 



5. Cloning of the mb^CF cDNj^ 



into a mammalian expression vector 



The pCRZ.lmfr-SCF clones ware sequenced at The Advanced 
Biotechnology Centra Charring Cr<rss Hospital. One clone contaming the 
correct mb-SCF sequence and oti^tation (clone 2) was used to further sub- 
clone the mb-SCF insert into ihe pi JSPS expression p]asraid_ The piElEP 8 



mammaliaa expression plasmid was 
wg.s designed for high leve!^ co 



obtained from InvitrogeiL This plasmid 
ive expression of DNA products 
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ntOising an RSV promoter. It has a listidinol resistance gene as a selectable 
maiker for the exj^ression of the Iraiied cloned gene. This expression 
plasmid also ocmtainM the Epstem I air Virus (EBV) Origin of Replication 
(oriP) and Epstdn Bair Nudear Actigeu-1 (EBNA-1) genes enablitig the 
plasmid to replicate as an episome. 
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FlasnudDNA £nompCRILli3d>-SCT done 2 andpKEPS bact^al ceSl lines 
was paiepaced by growiDg tbe l>act)erial strains in liquid ctdture. A stedle 
catture of medium containing the 100 ing/ml amp was inocolat^ with 
bacteria picked jtom a sin^e, fi^shly grown colony and incnbated for 12-16 
hours, at 37°C with shaking at 220 cycles/toinules. Subsequent purification 
of plasmid DNA from tiie bacterial cuhnre was performed xising the Qiagea 
MinipREPs^ DNA Purification System (Qiag€|nX following the 
manu^durer's instructions. Hie protocol involved isolation of plasmid 
DKA by alkaline lysis and subseqoent puificatjon by binding to a silica- 
based mabix. Briefly^ S ml of bacterial cultuze was grown as described 
above and plasmid DNA was extracted accodrdixig to mano&ctnrer's . 
instruction. 

The recombinant pCRII.lrab-SCF clone 2 and pREPS were both digested 
wilh Not I and Ifind m r^triction ©azymes. Digestion of plasmid DNA 
was carried out by incubation at 37^C for 14 hours in the manufectiiier's Ix 
digestion bufSbr in the presence of 1-2 U of restriction ensyme. Digestion 
was confirmed by agarose gel electrophoresis. The mb-SCF cDNA insert 
DNA in pCRILlmb-SC3P clone 2 was isolated by electrophoresis of the 
restriction enzyme digestion reaction on ah agarose gel and recovery of the 
insert DNA fiom the agarose gel as described above. The recovered mb- 
SCF cDNA Wis subseqpently ligated into the linearised pREPS vecstor nsing 
the same approach as described above. The ligation mixtmre was l&en 
transformed into transformation competent E. coti strain INV-F cells as 
described above. The resulting recombinant clones^ desigimted pREPSmb- 
SCF clones, were screened by PCR and mini pREPs to identify a 
recombinant clone containing a single copy of the mb - SCF cDNA inserted 
into the pSEP8 vector in the connect orientation. One of these clones, temied 
pREP8mb-SCF, was then selected and used further. 
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^ Example 2: Expr^ssioia of the mb - SCF cDNA in retroviral packagmg 

cells. 



A cDNA olone codifig for fhe Inxman mb — SCF polype^de was iSQlated 
and cloned infia a mammaliaB €)qpressi03a vector as desciibed above. We 
wished to Ame^n^ tbexnb — SCF onfhc sur&ce of apackagijiig cell line 
as a next step to icseilixig the polypeptide into the envelope of a viral 
particle. 

L Transformation of a viral packxiging cell line with pSEPSmbnSCF 

dene piREP8xnb-SCP was selected for txanaftKOBatiQn bxto a viral 
packaging cell line. This done bas a cDNA encoding fhe mb - SCF 
polypeptide jinserted into a mazumalian oxprffislon vector. As a fust st^, 
plasmid DNA was extracted fiom tihe done nsing a large — scale plasmid 
pnrificoiion procedure. Bacteria picked fium a ireshly grown colony were 
used to inoculatB 5ml of LB broth. The culture Was incubated in Uic 
presence of the appropriate antibiotic for 12-16 bonrs. at 37°C with shaJdng 
at 220 cydcss/rainute, and used to inoculate SOOml LB broth (large-scale 
plasmid pREParation), The culture was incubated in the presence of die 
aptiropdate antiHotic for 12-16 bouts at 37^C with shaking at 300 
cydes/taiinute Hie laige-scale extraction of plasznid DNA was perfocmed 
using &e Qiagen MaxipREP™ DNA Purification system, according to &e 
manuJacturer's znstmolions. 



Plasmid DNA was then used to transfoon the Phoenix ecotropic retroviral 
packaging cell line. Phoenix ecotropic and amphotropic packagmg cell lines 
were kind gifts from Dr Gary Nolan, Stanford University, Califonda, USA 
(Grignani et al., 1998; Kmsella and Nolan, 1996). These cell lines are 
second generation retroviius-'producer lin^ for tho production of helper-fxee 
ecotropic and amphotropic jretrovimaes. The lines are based on ttie 293T 
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cell line, ahnmaa enibryDnic kidn<y cett Hne. They produce gag-pol genes 
with Jrygromycm as a co-selectable umAbc, and envelope protefaas (eitter 
ecotropic or aaajiholTOpic) -with dipidheria toxin as a secotid sdectable 
tnaiiBr. These cdl lines were lowtmely maiotained in DMEM si^leanented 
wilh 10% FCS. They were additianaDy passaged for one week; about every 
10 to 12 weeks, in 300 ng/ml hygromyran and 1 pg/ml dipiihsda toxin for 
resedediaiL 

Tcanafectian of 4ie Phoenix ecotropic letroviral packaging ceU lin© witii 
wcombinant plasmid pREPgmVSCF was pecfofmcd by calcium phosphate 
pcecipitatiQn. Briefly, I2ng plasmid DNA in 500^1 250mM CaCli was 
added dropwise to an equal volume jof 2x HBSS, while bubbling air 
ihrough. The resulting solution was indibated at room temperatuie 5x 20^ 
3 0 nmmtes, allowing a fine precipftate to form, then added dtopwise to cells 
grown to 60% confluence in a 75 nil tissue cuttm© flasks. The cells were 
maintained at 37°C, in 5% CQz in aii^ for 24 hours before the caldmn 
phpspliate comauung media was lemoyed. The ceQs were washed twice 
with 10% cultnre mediiiin, lesusp^ded ^tfa ficsh 10% culture medium and 
inciibatedfer a further 24 horns at 37 »C, in 5% CO2 in air. Selection of 
stable transfonnants was carried out in ftie presence of 2.5 mM histidinol. 
Resistant cells wesrie propagated by spHtting 1;5 the contents of 80% 
confluent flasks. Cells vrsr^ kept in seletltion f<v at least 6-8 weeks. Stable 
transfectants were cryopresecved for finiher experiments. 

The above stable ceUs obtained after 6-8 weeks were further subjected to 
dilution clOTiiig. Briefly, 500 cells weke seeded in 100 jil of DMEM 
supplemented with 10% FCS and 2.5 mM histidinol, in a 96-well flat- 
bottoan plate. Four wells that reached confluence within a week were 
trypsinised and transferred into 48 plates containing 300 jtl DMEM 
supplemented wifli 10% FCS and 2.5 mM Mstidinol for a further week. 
These clones were then propagated into T25 flasks containing 10 ml of 
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DMEM SDpplBineDtBd trttti 10% FCS and 2.5 mM histidmoL The four 
individiia] clooees were fhen subjected jto JEwther ejqjGrimeaits to detesmioe 
l3ie piiraence and e^i^scssian of the mb-SCF in diese cells. 

2. Deteetum of pSBPdmbSCF plasmid in the transformed Pkeonix cell 
Hnes 

Retroviral packaging cells that were sttbly txansfected wifli pREPSmb-SCSF 
plasuud were oanfinned to contain the plasmid by POL Bdefly, clones 
gcowmg in T25 flasks cantaimng DM^ supplemented with 10% FCS and 
2.5 xnM Wstidinol, were trypsimsed. The ttypsiaised cells were washed 
twice wi& PBS and lesnspended in 500 jil of PBS. Two ndctoliires of the 
cell suspension was used as a template in a sfandaid hot start PCR (see 
above) containing pREPF and EBV R piimera. 



PREPF 


GCTCGATACAATAAACGCC 


EBVR 


GTGGTTTGTCCAAACTCATC 



PGR products were nm on a 2% agarose gel containing 0.05% eiiidium 
bronaide. Positive conirols for the amplification of the plasmid DNA were 
pREPSmb^SCF DNA itself as ten^lat^" DNA. Negative controls iwolved 
the use of water or untransfected cefls as tcnq>late in a Standard PCR. The 
detection of pREP8mb-SCF in the pacjcaging celis Twing primers piREPF 
an d EBVR, gave rise to an ampUGua t iunyroduet of 1 1 64 bp (Figgye 3). 

I 
I 

X Expression of mb-SCF proteins an engineered retroviral packaging 
■cells, : 

A standard indirect inununofluorescence assay was employed to detect the 
ceU surface ejcpression of SCP by the engineered packaging cells. The 
stably transfected packaging cells were grown on glass cover slips. When 
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the cells were about 70% conffaacrf. Ihe cover slips were ramcrtred flom tihe 
incubator and flie cells fixed >wilii m^iianol for 10 rranntra at room 
te9cnperatiir& Hie cells were flien mcubated with anti c-Ht ligand/stem cell 
fectar antibody (goat aiilihamaiiSCa5) (R&D Systems) at 1:5 dflmioii at 37 
°C fin- 30 mimites. The cover slips were washed twice wifli PBS for 10 
minmes and mcubated with goat anti human anti IgQ FTTC conjugated 
secQUdary antibody. The cover slips were washed twice wilh PBS for 10 
mimxtes and mounted auto a glass slide with 10%PBS/90% glycerol 
mountant and viewed under an Olympus UV micsroscopts. Bugineered 
packagmg cells e^qiressed high levels of SCF polypeptide as seea by intense 
fluoresceot staining while non-engineered cells did mot fluoresce (Figntc 4). 
Anh-body specificity was also confinned by the use of nan-inmnme goat 
seram on engineered pacfcaging cells, wiiidi did not give a signal. No 
differences were seen in die signal intensities and number of flnoicescing 
cells among file four separate dooes . 

The four modified packaging cdtt clones arising fiom histidinol selection 
were also analysed by flow cytometry .to demonstrate the piesence of mb- 
SCF. Briefly, ixansfocted and untransfected cells growing in a T25 flask 
were detached using ceU disassociation buffer, enzyme-free. I'BS based 
(Giboo). Cells were washed twice in PBS. These cells were then incubated 
with a 1:5 dihrtion of anti c-kit ligand/stem cell factor antibody (goat anti 
human SCF) (R&D Systems) for 40 mmutes at 4 "C. Cells were then 
washed twice in PBS and incubaCed with goat anti human aad IgG FTTC 
conjugated secondary antibody for 30 mmutes at 4'*C. Cells were washed 
twice and fixed for 20 min at room lenqjcrature using 35 ^1 Leucopenn 
Reagent A (Serotec). CeDs were resuspended in 1 ml of PBS for flow 
cytoraetty analysis. Flow cytometric analysis was carried ont in the Stem 
CeD Lab, HanMnersmidi Hospital, nsmg a Beckman FACScan machine. The 
software used to acquire and analyse the data was CeHquesL Porwaid and 
side scatter properties of untransfected cells were determined, and 




Soor^cence iuhausilies of txansfeciBd cells compaicd to mdiansfbct^ cells 
stained wiliii fhc bolh the pzimary and seoaadaiy antibodies. Qa this 
ajaal;^sis, the j^nir clom^ appe al e d to have sligjbt diffe^ces in llie ^quency 
of cells exprrasing inb-SCF rwgiiig from 73-98%. The expression levels of 
mb-SCF as determined by the peak on tiiic fhior^cence axis iveie the same 
for all four clones. The highest mb-SCF expressing done. Clone 3, vrfiioh 
had 98% expression of mb-SCF ivas selected fior retroviral prodncstion and 
is shown in Figure 5. Ihis done was also confitmed to have h^ levels 
(97%) suri^e expression of CD59 as also shown m Figure 5. 



Example 3: Frodnction of retrovimsN from engineered refroviral 
packagmg ce&s containing mb-SCF as part of tihe viral envelope 

A cDNA clone coding for the human mb - SCF polypeptide was isolated 
and doned into a mammalian expression vector as described above. We 

then exprased the mb - SCF on the surfeoe of a packaging cett line. As a 
nejrt step we wished to detemjine whefher viral paxtides derived finm the 
tttroviral packaging ceU Ime contained the mb - SCF as part of the vital 
envelope. 

J. ProdueHon qf retrovimsesfrom the engineered Phoenix cells 

The Phoenix ecotropic cell line, the mh-SCF modified eootropic Clone 3 
^ — and the amphotropjc packaging nell lines were snhsegnepfly caldum 
phosphate transfected with the PDSTCO plasmid vector encodmg the vital 
LTR, Ihepadcaging signal and a reporter genci edmnced green fltooiescence 
protein (eGFP) (Grignam" et al^ 1998). The FDSfCO vector contains the fiill 
lei^gth Moloney nwrine leukaemia virus LTRs, tlie ejrtended y sequence 
and a tctoscriplional cassette composed of Ihe CMV promoter and Ihe 
cDNA for the Eobanced Green Fluorescent Protein (eGFP) hi addition to 
. the retroviral backbone, this vector also contained the EBV cdP and EBNA- 
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1 gene enahling Ihe vector to replicate ay an ejrisome. This vector was also a 
kind gift from Dr Gary Nolan (Stanfinrd University, Leyland, USA). 
Transisit letrovinis sup^iiafai][t -was obtained prior to par^myciil (1 iigfiaS) 
selection. Following the removal of the oalchun phosphate-DNA nuxture 
and flie overnight recovery of fhe pi tckagmg ceUs in coinplet© medium, the 
medium was removed andreplaced wtii 5 ml of freah medhm and the cdls 
were incubated at 37 *C. Virus-Im^ai supernatant was collected after 24 
hours, 0.45 n filter sterilised, aliqwpted and stored at -70 *C. The PINCO 

for a furttier 6 weeks in selection 
Retiovicus was liaivested in the same 



transfbcted ceUs were pjropagated 
conditions with 1 jig/ml puromycin 
- as the transient s^peniatant 



Caladatron of viral fib^ fixm 



TJxbSCF expressing ceUa 



Ejcpressian of the eGFP reporter gene was analysed by flow cytometry 
analysis of transduced NIH3T3 cel ls to obtain the retrovii^ titre. These 
cdls were aheady available in the Jaboratory and were used to dotemnne 
ictroviial titres. They are maiotained in DMEM si«5plemented with 10% 
FCS. Retroviral titores fiom transienl and stable transfection of the PINCX) 
vector into the three retroviial packaging cett lines (Phoenix Amphotiopic, 
Ecofaopic and Mb-SCF modified Ecjtropic) were determined on NTH 3T3 

wife. Nm 3T3 (5x10*) cdls were seeded ma 24 weU plate. One rnl of an 
infection cocktail, containing retroviral snpematants ranging fiom Ipl to 
100^1, DMEM supplemented with 1 }% heat inactivated FCS and 8 |ig/ml 
pdybrene, was added to individnU weUs. Infection was carried out 
overnight at 37 ^C. The foUowiog dry, the infectiorn cocktail was removed 
and 1 ml of fresh medim was added. Incubation was carried oirt at 37 for 
a further 48 horns. The cells were then ttypsinsed, washed twice in PBS, 
and fixed with Leucoperm. The Llls were than flow oytametrically 
analysed to deteraune the expression |of eGFP in fhe MIH 3T3 cells. Scatter 
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pn^erties of TOinfected MH 3T3 cells were determined and retroviraDy 
transdnc^ cells were compared for flaoresceace intensitL^ The titie was 
calculated by litraiioii of 1, 10 and 100 \A viral snpemstant (^ch in 
duplicate) in a fxital volume of 1 ml of infection cocktail (containing 
complelto nLedimn and 8 |j£/ml polyhrene). The positive cell frequency 
measured as the p^centage of fluoiescent cells was plotted against the 
volume of supernatant used.* The slope of the gr^h lepr^ented the 
letioviial titre. Retroviral vital titres are eiqprKsed as infectiom particles 
(IP)/mL 

The xetroviial titie of the mb-SCF engineered padkiagtag cells are li^tie^ iu 
Table 1. Relroviral titr^ between liie nmnodified ecotropic packaging cells 
and the mb-SCF modified packaging cells (stables) were not significantly 
difibrent (Figure 6). 



Table 1 





Facfcaging cell Line 


Retroviral titre on NXH 3T3 cells 
(JP/ml ± sd) (n=3 experiments) 


• 


Phoenix Ecotcopic 


3:88± 1.18x10^ 


Phoenix mb-SCF modified 
(transient) 


2,98±0,32xlO^ 


Phoenix mb-SCF modified 


2,60 ±0-53x10^ 




(stable) 






Phoenix Amphotropic 


2.08±lJ29xlO5 



3. Detection of mb — SCF protein in retroviral particles derived Jrom 
mb-SCF expressing cells 
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RctTOvimsw were ponodoced traosienily and stably fiom &s engmBered 
ecottqpic packagiiig cell, done 3, noo-engiiifiered ecotropic jjackagiog cells 
and amphotropic packaging cells mbag the PINCO retroviral vector 
plasmid* Retrovkal si^ematant was collected fitMn transiency transfecisd 
cells 48 houra post Iransfection with tbie PINCO plasmid and fiom stable 
tCMisfectanls that had been, sdected for 6 weds in puiximycin-^iozdBuung 
mednim. Four ml of these viral siqiematants were pelleted by 
ultracenlrifugation at 30,000 ipm for 1.5 h at 4 *C m a SW 55 li xotw 
(Beckman). The supenaataot was discarded and the pelleted retroviral 
particle were tesuspooded in 50 jil of PBS and stored at -70 "C. 

The pelleted letrovirus particle protein concenfratioia was detennined by an 
assay shnilar tq the well documented Lowiy assay,- using a commeroiaUy 
available kit (Bio-Rad DC Protein Assay (Bio-Rad> ). Proton standards 
consistbg of bovine serom albmnin in the range of 02 mgfed to 2 mg^ml 
were pREPared. Five microlifres of protem standards and samples 
(xetrovhal particles) wctb than assayed according to manufacterer's 
instructions using a Microplate Assay protocol Protein concentrations of 
retroviral particles and protem standards were detemined by absorbance at 
750 run. 

Equal amouirfs of proteins wiere loaded gds for the detection of inb-SCF 
and CD59 m tbe particles by western blot analysis. lOjig of retroviral 
pariides were mixed m 2x gel loading buffer (containing 50 mM Trils a, 
pH6.8, 2% SDS, 10 % glycerol and Img bromophenol blue), 0.1 M 
diftiotreitol and boiled for 5 mmutes at 95 *C, This protein ejcttact was then 
separated on a 12 % polyEoryiamide gel under reducing conditions. The 
piotem extracts were electrpphoresed in parallel with prestained protein 
markers m Ix running bufier (25 mM Tris pH8 J), 250 mM glycine and 
0.1% SDS) at 80 V for about 3-4 hows until the bromophenol marker was 
about 1 cm fnm the bottom of the gel. The protems were transfenBd to a 
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nitrocdhflose meaoxbiane (liaainohilaia) using a send-^ transblotiing 
aj^waatos (^io-Rad); Ones transfer IxniiMiiiig 
buffer but contained 20% methanol, Thie transfer of ptotdns was carded out 
according to manufectarear's instrpctions, running at a constant cunent of 
0,8 mA/cm? for l hour. The success of transfer was deteoninfid by the 
detection of the prestained protein markers on flie membrane, and fhe 
positions of these protein standards were maiked wifli a peadl. The 
inemhrane was blocked with 10% milk protein (Maivel) in Ix TBST (Tris 
Bn£F«ed Saline and Tween20) fin: 1 honr at room temperatare with gentle 
agitation. The demonstration of SCF on Ihe letro-viral particles wh3 earned 
out by incubating, the membrane with goat anti-human SCF antibody (R&D 
Systems) at 1:500 dihition in Ix TBST containing 10% Marvel, at 4 "C for 
18 hours. Human CD59 proteins on refrovh^ particles were d^mnn^tffd 
by incubating the mcanbiroe with mouse anti-human CD59 antibody 
(Serotec) at 1:250 dikrtian in Ix TBST containing 10% Marvel, at 4 «C for 
24 hours. Anlibody-tiieatcd membtanes were then washed 3 tunes for 20 
ininiites in copious vdhimes of bOBST and a final wash for 20 minntes 
with IxTBS. The SCF and CD59 antibodies were then detected by 
tncobafion with secondary donkey auti-goat IgG horse mdish peroxidase 
CHRP) at a dilntion of 1:2500 for 1 hour in Ix TBST containing 10% 
Marvel; and at a dflution of 1:500 secondary chicken antt-mouse IgG HRP, 
respectively. Membranes were subsequently washed 3 times for 20 minutej 
in copious volumes of Ix TBST and a final wash for 20 minutes with Ix 

antib e dies were visualbed using an enham^ 

chemilumiaescence's Idt .(Amersbam) accoiding to manufectuier's 
instructions. Membranes reacted wifli the anpropoate substrates ftom the 
Ht; were ibea subjected to autoradiography. Autoradiography was 
conducted using different exposure times, xangmg fiom 30 sec to 5 minutes, 
to obtain the best signals. Exposed autoradiography fihns were developed 
ustog an automatic film dev^oper. 
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R e t ioviiu ses product fizUowing iransieitt transfection and stable prodacers 
wece found to express €10 eogineerod xnb-SCF, with, the tnoosient 
siqieniataat af^ffiriiTg to have a sU^illy highey level of expressioa (Figure 
7). The 2icm-eDgiDeered cells did not express the mb^CP ns expecto± CD 
S9> a natutaHy occnning sateoibrane protetn in the paekaging cells 
(engineered andntnx-en^neered) could also be denaonstrated. 

Example 4: Fnaetionality of the mb - SCF cont^iiiiiig viral particles. 



We have detnoiKtrated above liiat it is possible to insert a membrane-bound 
polj^^tide expressed in a viral packaging cell line into the sor&ce 
envdopes of vims particles doived £rom that cell line. We now wished to 
detemiine whetha tihie incorpordted polypeptide retained biological activity. 
The mb — SCF polypeptide can bind to the c-kLt reenter protdn fmmd at 
the cell surfece of qui^cent cells (Sehgal eit aL, 1999). Once boxmd it can 
induce the cells to proliferate (Sdigal et al.^ 1999). Hence we measured the 
capacity of the modified viial particles to bind to and induce proliferation of 
cell lines expressing the o-kit receptor. 

L Binding ofihemb— SCF viral particles to ckit realtor positive 
9 celb 

To show that xetroviial particles eTEpiessing mb-SCF could specifically bind 
to c-Idt expressing cells, reiroviras bindiTig experiments;, as demonstrated by 
flow cytometry using ihe anti-SCF monoclonal antibody, were also carried 
out The human megakaryoblastic leukaemia cell line, Mo7e, has been used 
in retroviral targeting experimaits as the cell line h^ been, reported to 
express high levels of c-ldt (the receptor for SCF). Mo7e cells were 
maintained RPMI supplemented with 20% FCS and 10 ng/ml GM-CSF. 
Mo7e cells were incubated with 100 \d retroviral supernatant at 32** C for 1 
hr. Cells were washed twice in cold FBS. One hundred microlitres of 
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xaonodonal anlibody,' 83A2S wscc fbm inciibaled wiUi cells at 4 ''C for 1 
hour. These cells wcore -wasihed twice wiCh cold PBS. Cells were finally 
jncmbated wcfli a FITC-ooigugated lat axxti-mofuse IgO antibody for I hour at 
4 X.llie cells w^lfaea washed twice in cold PBS and analysed by jQow 
cytometry. 

Hie toVSCF retrovirus boimd to the Mo7e ceDs whereas the unmodified 

«:otropic virus did not, Prior down regolatioa of the kit rrcqrtor by growing 

the Mo7e cells ovexnight in SCP instead of GM-CSF (coEiGnned by flow 

cytometry) abrogated binding of the mb-SCF retrovixus (Figuro 8). These 

expi^jmeots demonstrate lhat taz;getBd rottoviral binding was achieved, ^ 

lesuliiiig J&om the modijSQation of the packaging cells. 

2. Mo7e cell proliferation following exposure to Ae modpied vired 
particles. 

The biological activity of retroviral particles containing the mb-SCF 
proteins was demonstrated using a standard conimerciaUy available 
proliferation assay, CdlTiter 96® AQ„„us One Solution Cell FroUfeiatioa 
Assay (Promega). Mo7e cells were washed twice in PBS and resuspended ^ 
in RPMI siapplemented wilh 20% PCS. 5000 cells p« 90 id or per 70 jil of 
resuq)ended media» wrare dispensed hilo 96 well round bottom miootiture 
plates. Ten or 30 j^l of retroviral supernatant (prepared as above) JBrotti 
Jhe-EhoCT ix ecotro^ mb-SCF -cea^fine5, was added to the wells of Ae 96- 



well rofund bottom plates to bdng the total volume of cell suspension to 100 
pj. Positive coQOtrols for the proliferation assay included Hie iise of 100 
ng/ml recombinant purified human SCP. Negative controls include uo 
cytokines or viral aupematants fiom iht Phoenix ecotroptc cells. Eight 
identical plat^ (each concentration in triplicate) were set up, with fte first 
plate being assayed ibr backgroimd proliferation activity after two hours of 
having being set up. 
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FrofiJoezalioii vras meastirod evieiy 24 hours hy'fbo addjitiQD of 20 |jd of a 
soIotioxL cofntafning, tetzazolium con^soimd; 3•<43S-diInethyltMa^oI-2-;)^-5- 
(3<aji>o(2Qmeaio2£yp innsr salt 

CMTS) and an dectroii coupling reag^, phenaziae ethosutfate (PES) to 
each well, and iocubalion for 1,5 hours, at 37 ''C in a huirddified incubator. 
The MTS compound is bi03rcduced by cells into a coloured fonnazan 
paxjdact that is soluble in tissue culture medhim. The colour xeactioi^ was 
qoantified by recording the afasQEbance at 490 saa wilfa a 96-weIl plate 
reader. 

Viral particles from mb-SCF eogimeered paakaging ^vere able to 
stimulate the proIiferatiQn of MoTe ceHs- Control retroviral particles Gom 
unmodified ecotropic packagiiAg cells and cells incubated without the 
addition of cytokines did not stinmalte flie Mo7e cells. It is intrestlQg to note 
that the proliferation fit?m the mb-SCF modifed retrovirus begun only after 
day 3 of the experiment. Increasing the volume (to 30 (xl) of retroviral 
siQ>ematant did not appear to increase the rate of proliferation of the Mo?e 
cells. Retrovirus obtamed transiently, was also enable of stimulaliiig the 
prolifsation of Mo7e cells. The positive control for ibe expriment was 100 
ug/nal recombinant human SCF^ ^hidh bs ea^ccted stunulated the MoTe 
cells. The results are plotted in Figure 9. 

Example 5: Gene transfer using viral particles of the invention and 
eGFP as ft reporter gene. 

The exaxxrples above demonstrate that the methods of the invention can be 
used to hicorporate a biologicdlly active passenger p^tide binding moiety 
into a viral particle. Here we show that such viral panicles are capable of 
transducing target ceOa bound by the passenger peptide binding moiety. 
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IKfitroviral Veetor Plasmid, PINCO 

The retroviral yector 115^ to generate retrovirus &>m ^ Phoenix 
retxovxral ptefcagftig cells (aixrphotropic and ecotropic) was called PINCO 
(GrignaoDd et aL, 1998; Kiasella mad Nolan, 1996). The PINCO. vector 
contdns Ihe full lesoglh Moloney LTRs, tibi£k. extSEided y sequence and a 
tmnscriptional cass^e composed of tiie CMV ptomote^r and the cDNA fm 
the Enhanced Green Fluor^cent ProteiiL (eOFP). In addition to the 
retroviral hackbone, this vector also contained the EB V oiiP and EBNA-l 
gene ennhliTig the vector to replicate as an episotne. Tliis vector was also a 
kind gift from Dr Gary Nolan (Stanford University, Leyland, USA) , 

METHODS 

Primal^ ceHs 

Normal periptaoral blood progenitor cetts (PBPCs) 

G-CSF mohilxsed pexipheral blood from nonnal individuals obtained 
from the Stem Cell Laboratory, Hammersmith Hospital. These cells were 
acquired with signed informed consent and research ethics conomittee 
approval, 



: Murme MIH 3X3 cell Hue 

These ceQs were already available in the laboratory and wesre used to 
detennine retroviral titres. They also were maintained in DMEM 
supplemented with 10% PCS- 
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HunKaB eryttcrolenfcacnria cell Ime HP-l and Hxmiaii megakaiyoblasfie 
leukaemia eell lines L AMA-84 and Ma7e 

Tbe TF-1 cell line, a human eryfliroIeiilffleTnift cell line was 
mafnfafnftd in RPMI siqqplemeaited wi& 10% FCS and 1 ng/mL GM-CSF 
(Eitamara et a/., 1989). The human megakaiyoblastiic leukaeznia cell line, 
MoTe, was maintain^ RPMI OTjyplemeiited with 20% FCS and 10 ng/knl 
GM-CSF. The Trnmrn meg^kaiyDblastic leukaemia cdl line, LAMA-84, 
W9S maintained in RPMI siqyplemented with 10% FCS. These cell lines 
were used in retroviral targeting experiments as fhey have b^n reported to 
express high levels of c-ldt (the recei>tor for SCF), The Mo7e cell line was 
also used in a proIxferaticQ assay to demoastrale biological acdvity of mb- 
SCF in retroviral particles. The Mo7e and LAMA-84 cell lines (Lee a/^ 
2001; Miyazawa al., 1995; Sdgneuiin et al., 1987) were kind gifts from 
Dr. Junia Melo. Ihe TF- 1 cell lioe was available in the laboratoiy. 

Supernatant transdnction of haematopoietic cell liniEK 

Multiplicity of infection (MOT) was calciJlated based on the 
retroviral litre on NIH3T3 cells and retroviral targeting e3q>edmeats were 
earned out with an MOI of at least 2, An MOI of 1 represents one infections 
retroviral particle per target cell. An mfectxoti cocktail containing retrovirus, 
10 % FCS in DMEM and 8 ng/ml polyhrene was incubated with 25,000 
tstg&t cells for 24 hours at 37°C at 5% CQz m air. The medium was 
removed and replaced with fresh medrum and incubated for a further 48 
hours at 37 X at 5% CO2 in air. Target cells were dien washed twice with 
PBS, £bced and assayed by flow cytometry. 

Co^nltore of haematopoietic cel^ lines 

Transduction of non-adhearenl haematopoietie cell lines by co-culture 
was p^ormed with a 2~foId excess of producer cells. Retroviral producer 
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cells vrate grarrat to cojodQueaice^ txypsiuised axtd irradiated (A 2000 xads. 



Cells were rqilated into a 6-well microlitie plata» loamitainxiig coDftDeace, 
dnd incaibated at 37*^0 in 5% CQz in air for 16-18 h. Cells were washed 
carefiilly in PBS and target cells (TF-1) in log-phase growdi (S x 10^) weare 
added in a total volmae of 2 mL A mock fat^ansducticKa in the abseace of 
target cells was perfonned in pa^el to control fer residaal pax)ducer cell 
activity. Cells woe inoubated at Yl^C in 5% CQz in air for 24 homs. Non- 
adhsent cells were removed, placed into a firrah 6-well microtLtre plates and 
incnbated for a further 8 h at ST^C, 5% CO2 in air in order tx> fecflitate 
adheEence of contamfnating pxioducer cdDs prio^ to assay of vector reporter 
genes. Non-adhetent cells were thexi resnspended in £r^h medixun and 
incubatian earned out for a ftiither 48 hours at 3T=*C, 5% CO^ in air. Target 
cells were then washed twice with PBS, fixed and assayed by flow 
C3rtoinetric analysis. 

Retroviral tnm^atuMw ^jt of primary cells 
Separation of monomiclear ceSia 

Bone mmtm celbin preservative ftee h^arin were dUnted 1:4 in Hank's 
Buffered Salt Solution (Gibco). The diluted sample were layered over 
Lyn^qprep (Ny^aard) and centiifugcd at 1800 rpm for 30 minutes. 
Moncmuclear cells (MNC) were removed ftwi the interfjace and washed 
twice by centdfugation at isdo jpm for 10 miraites in Hank's Bufifeted Salt 
fcioiutton, h/mc were counfeanis uii^ a liatiu rocytcmotetef-^ia^CT-jblteTOB^ 
dilution in Z% acetic acid to lyse any coAtanunatxng eaythrocytes. 

ff 

CD 34 + ceH sepamtion 

CD34+ cells were sepawted from MNC using the MiniMacs™ 
system (MUteinyi Biotec) according to xnanufacterer's instructions. Briefly, 
MNCs were xesuspemded in a buffer containing of calcimn-and magn^um- 
fiee PBS with 0.5% human serum aSmniiiL (Immimo AG) and 5mM EDTA 



at 500 [li per lO' MNC. Que Imndred ^1 each, of leaganls Al (a blocldng 
IgG) and A2 (QBEND/lO- a mouse IgG xecggnisijag CD34) was added to 
the cells followed by incubdiDiii for 15 mmutes at 4 *C. Cells were washed 
in 5 ml of lnij6(er and lesnsniteQded in 400 id othaSSesc per lO' MNC. One 
Inmdred pi of reageot B (colloidal supeipaiamagnelic MACS microbeads 
recognising reagent A2) was added to flie cells and ioenbated for 15 minntes 
at 4 "C followed by anofher wHsh as above. The cells were resuspended in 
500 ^l of buffer Ihen added to a prefilled MiniMacs'" colmnn (type MS) 
held m a magnet and the cells allowed to pass throu^ Labelled CD34+ 
cells are retained in the column by the inagneL Hiese cells ai^ washed 4 
times by addfaig 500 jd of bufiEer and allowing it to pass flirough. The 
column was removed from ibe magnet and the positive cells were ehited 
with 1 inl bnfifo. These cells wei»ettnmarated using a haemocytometer and 
the pmily de^iermined by staijing a sample of cells witii HPCA2 antibody 
(Beckton Dicfcimon), recognising a different ^itope of the CD34 molecule, 
conjugated with FITC and FACS analysed.; The purity of the sainples was 
consistently above 90%. 

BBtrovirsd transdnctiDn of CI>34f primary cells using the transwell 
techniqiie 

The day before startifiie transdnctiott of the CD34+ celts, the stable 
AM-12 retroviral producing cell line containing the anxphotropic retrovical 
envelope and the letroviral genome (pBabeNeo; Moigenstem and Land, 
1990), was plated in a 6-wdl plate at a concentration of 2 x lO' ceUs/weil 
and maintained in DMEM supplemented with 10% FCS. On the day of the 
transdnotioD, the medium of the producer cell line was replaced with 2.5 ml 
of &esh DMEM supplemented with 10% FCS and protamine sulphate at a 
conccDtration of 8 jig/ml wMch would finally equilibrate to 4 jig/ml after 
the addition of the transwelL One 24 mm Transwell with a 0.4 pan 
membrane (Costar) was mserted into each wclL CD 34+ (10^ purified cella 
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was resuspeaded in 2^ ml of 30% FCS (Mycopleac™ PAA) and cytoktne 
mix (50 JigAnl of IL-3, 100 i^g^ of SCF. 10 ngtol of GM-CSF) in Iscoves 
Modified Dulbecco's Eagles Meffium (Gibco) and transfen-ed into flie 
transweU inserts. The transduction process was earned out for 48 houra 
before the cells were harvested and cijltured in semi-solid medium 
(melhylcennlose), with and without G418 selectiDn. for the growth of CFU- 
GMas described helow. 

capftftgeirif. qspay of refroviraflv iraii«ri ttced p niggnif^^ ^>no 
CFir-qRf assay 

The CD34 + transduced ceOls were letnoved from the transweU and 
washed in Hank*9 Buffered Saline' Solution. These cdls were cultured in 3 
ml methylceUuIose (MC, Mefhocult H4230, Stem Cdl Tedinologies) 
sqiplemented with 300 ^a of ckl-GlA ^ (ccmtaim'ng 50 ng^ SCF, 
i^g/ml GM-CSF, lOngtol IL-3 and lOO ng/mL o4sF) and 1.5 mg/ml 
G418, After the ceUs were mixed w©U in MC, they were plated in 35 mm 
diameter pehi dishes (Nnnolon®) (1 ml /dish). The dishes in torn were 
placed in a 150 mm bacteriological petri dish (Sterilin) along with 35 mm 
petri dishes without lids containing sterile water to reduce the loss of culture 
medium liuxmgh evaporation. The cultnnas were incubated at 37 °C in 
humidified 5 % CO2 in air. CFU-GM colomes of raoio than 50 cells, were 
scored on d a y 7 of in cttballon using a Leiea DMIL invited microsfcope. 



Evalpation of gene fra nsfer to primary celK 
Transduction efiCueiency 



The efficiwicy of each CD344- transduction experiment was 
calculated from the proportion of surviving CFU-GM colonies after 14 days 
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of iuQubadjozL in cutooe mUh G418 at a concmxtiation of 1^ wgfm\ as 
des(»bed oilier. 

Transduction effidmcsy « No, of colonies smvivi ripr rn 041 R If 100 

Nd. of ccdomiK ^Kottioat G41S 

REStaLTS AND MSCtJSSION 

Ezperimeaatal data is presoated in Figure 11 to 17. AD data havie been 
esptessed as efBciency of transduction relative to that obtained &om the 
same vixal vector packaged in an eqiiivalbit aic^otropic padssigiiig cell 
line Le. Fhoeoix ampbottopic paclcaging cdls. 

Fi^iues 11 lo 14 present data ftom viral particle transductian of three 
different SCF-receptor (kit) positive cell lines (Mo7e (Figure llX TF-1 
(Figure 12), LAMA (Figure 13)) and oneldt negative (U937, Figure 14) cell 

line. Vital particles incorporating mb - SCF (labelled 'mb-SCF' in Figure 
. 1 1 to 14) were pr^aied using the methods outlined in flie above Exarcgjles. 

Ecotrppic vims can only iofect mouse cells^ M4ule anoqphotropic vims can 

infect bo& naouse and human cells. 

As can be seen jfrom Figures 11 to 14, viral particle transduction e^cdeacy 
with Ufflnodified ecotropic virus is veiy low £<s^ both kit positive and 
negative hmnan cells. In contrast^ transduction with ecotropic viras 
incorporating mb - SCF is hig^ily efficient (similar efHciency to 
an]{)hotropic), when target cells express high levels of kit (Mo7e and TFI 
cells are >95% +vc for the presence of Mt; Figures 11 and 12), somewhat 
less so when the kit eaqaression is lower (LAMA cells ate --50% for the 
presence of kit +ve; Kguie 13) and no di£^nt fiom unmodified ecotropic 
vims On kit negative cells (U937 cells; mb - SCF results labelled *C13 
virus'; Figure 14). 




To demoBStrat© that Hie feitore of llie SCF-displaying viiuses to transdnce 
kit-negative cdls is not ageneral defect of flie ability of the viral particles to 
tcansduce these cells, data from ejxperfments using amphotropic mbSCF - 
incoxpoiating vixal partides is shown as a control. Anq^hotropic mbSCF 
viial parliclra have a rfmilar efficiency of transduction to umnodlSed 
amphotropic viros, and are capable of transducing Irit negative cells (figure 
14). Hence the modieed viral partides incorporating the nib - SCF 
passenger binding motif are as capable of infecting susceptible cell types as 
normal viral particles. 

Taken logger, the data demonstrate that ecotropic viral particles 
incorporrating tixe mb - SCF passenger peptide binding motif can transduce 
cells that have a receptor to which the mb — SCF peptide can biruL In 
coniiaat, ecotropic vital particles without the passenger peptide eannot 
transduce such celis. Hence, tlie mettiod of the invention allows for viral 
particles to be produced that ioccnporate a passenger pq^tide binding motif 
that is capable of mediating target cell viral transduction. Such viral 
particles can be socc^isfully used as a means for gene transfer to target 
cells. 

Figures 15 to 17 present data jBrom tb^e viral particle transduction of human 
bone mairow derived primary haematopoietic stem cells. Viral particles 
ty pes are as ^i^ftd in the fivparimftnts presented in Figure 1 1 to 14, 

The transduction rate of human bone marrow derived pzimary 
haematopoietic stem cells (CD34+ cells; Figure 15) using viral particles 
incorpQiatmg the mb - SCF passenger peptide binding motif is equally^ If 
not more, efficient tTian wifh an?>hotn)pic virus, whereas unmodified 
ecotropic virus^ as expected, is very poor. Again, amphotropic mb — SCF — 
incoiporating viral partides is highly eftident in this cont^ OT^esting 
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that the incoiporaticii of nib — SCF on the virus can enhance tcansdoction 
efiScicaicy over convcjitioTinl uiimodified ainpliotiXTpic vir^ 

JFSgare 16 sbow^ txansdudion of mouse bone m aii c w as a caatcoL. Here, we 
esqpect kU viruses to traxisdace fhe target ceDs^ and indeed, ihe ecotropic 
virus (specific £:>r nnuiiie cells) is now soperiorto the aaxphotropic virus in 
dSduency. Boih ecotropic mb — SCF and amphotropic mb — SCF viral 
particles, however, show enhanced levels of transductioii» suggesting liiHt 
the efficiency may be greater on Wt positive cells, the receptor to which the 
mb — SCF passenger peptide binding motif binds^ Human bone marrow 
derived primary haematopoietic stem cells will contain large nombers of 
cells with the iit r^eptor. It is woxdi noting that with the experiments with 
mouse cells there is no specific targeted transduction possible. 

The experiments detail^ above^ used the PINCO reterovizal vector which 
carnes the enhanced green fluorescent protein (EGFF) gene and viral 
' particie transduction of die cells was scored by analysis of fiuorescence of 
cells using a FACs (fluorescence acfivated'^cell sorter). 

Finally, Figure 17 shows data fiom viral particle transductian of human 
bone marrow derived myeloid colony forming cells (CFU-<}M), In these 
experiments the retroviral constructs carry a gene that confers resistance to 
die drug 0418 (a derivative of &e antibiotic neomycin, which can also kill 
mammalian cells). Bone marrow cell are transduced and then plated in 
senri-^olid medium containing G418 to allow any resistant haematopoietic 
colonies to fonn. The colonies are scored afier 14 days under an inverted 
xnicro^cope. Only successfiilly transduced cells should survive in the G41 8- 
medium to go on to produce colonies. The data are therefere derived from 
colony numbers obtained, following transduction with the diflFearait 
retroviruses and are again eTqpressed relative to the performance of an 
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equivaleot amphotropic viius. The viral vector in ^lese expexxment was 
based Gil the pBabeYector(NlGErgeiisfe^ 1990). 

As ote^ved previously^ unmodified ecotropic vims was very poor at 
traxisdnc^gliixinanbafim^ oftherateor 
transdnction mediated by aniphotropic virus. In coistiHst, however, two 
difTeireixt ecotropic mb - SCF ooisstnicts O^^^^^ 'CDK4 gene' and 
'£X35M CDK4 geae') gave highly effideot tcansdoctioa of CFU-OM» a 
rate of transducdcii coiiqtarable to ftat observed usmg the amphotropic 
vims. Hence mb — SCF promotes ecotropic virus transdaction of cells wifli 
the kit receptor. 

These expemnents confinn that viral particles mcorpraating the mb — SCF 
passenger peptide brnding motif are capable of mediating taiget ceU viral 
transduction. Snch viral particles . can be successfolly used as a means fin: 
gene trans&r to target cells. 

Example 6: Preparation of viral partidra containing more than one 
engineered polypeptides in fhe viral euv^ope 

In Examples 1 and 2, a cDNA encoding a peptide to be incoiporated into a 
viral particle was cloned &om a hmnan ceil line and successfully expressed 
in a viral packaging cell line. Of comse^, it is possible to iacoipoiate mcro 
than one peptide into a viral particle 

One apqptide to be used has been selected, for example, a peptide lihat is a 
ligand for a cell — type specific recq^r^ it is straightforward using the 
metbods ondined in Example 1 to isolate a cDNA encoding the peptide 
fnom a population of cells in which (he ligand is expressed. An alternative 
approaich would be to conduct database searches to identify^ cDNAs 
encoding the ligand. 




Ooce a cDNA encoding flie ligand has been succ^sfiilly cloned and 
sequenced to ensure it is the cocrect clone, 4e cDNA is cloned into a 
suilable mamfnaliTO cell expression vector. In Exsaaple 1, Ihe nab - SCF 
cDNA was cloned into the pREP 8 mmnmnlian expressiostt plasnrid fiom 
Invitrogen, . It ias a Wstidinol resistance gene as a selectable mariccx for fba 
esipressiooa of the deared cloned gene. Should a second peptide wished to be 
escpressed in Hxe same cell line, it is advisable to use an. cajffcssiQn vector 
wilh an ahemative resistance gene as a selectable madccr to ensure boih 
plasmids ate present in the same ceU Une. Offier suitable cjcpression vectois 
include: pCMV - Script ftom Stratgene (G418 resistance), phCMV Xi - 
Qone fixxm QTS (G418 resistance), pEjcchanger from Sttatagene 
Chygromycin, pwomycin or neoujydn resistance) and pTriEx sysem ftom 
Novagen (hygnnnycin). 

The ejqjression vector with the cDNA is then transfbnned into tibe viral 
packagmg cell line and transfennanls selected. Should die packaging cell 
line already have apcptide eiqiression vector present, Chen transfinmante are 
selected for both fhe selectable marker genes. Exan^jle 2 demonsiiates how 
apackaging cdl line as transformed and successful transfoimants selected. 

Exainple 3 outlines how retroviral particles are produced and collected from 
viral packaging cell lines containing the mb - SCF cDNA cloned into the . 
pREP 8 mammalian ejqjression vector. M this way, it would be possible to 
produce and coUect viral particles havmg one or more peptides incoipoiated 
into fhe viral envelope. 



Example?: Preparation of viral particles combining antibody 
fragments in the viral envelope 
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Jt is possible to incorporate anlibQdy fiagmeaHs into the vixal particles iismg> 
fbr an exampJe^ &e piooeduie outlined below. 

Single chain 'Fv fr om the mansa moTTOclopal antibody HMFfll anrt 
hnin»ni'g»1 m/MiQclonal anrih odv Hq HMFCrl 

Hie nucleotide sequences eaacoding ^ Vh heavy chains and Vk light 
cihains of HMFGl and Hn HMFQl axe shown in Pignre 15 of WO 94/10323 
and are given in VCThoeyen etxii (1993) Immunology 78, 364-370, both 
inco^cHated h e rei n by leftroace. 

Nudeotide and amino acid sequences of mouse and reshaped HMFGl 
vaiiable regions, (a) Heavy chain variable region sequences for moiise and 
resh^d HMFGl (Mo Vh-HMFG1 and Hu V„-HMFG1); (b) mouse and 
reshaped light chain variable regions respectively (Mo V^-HMFGl and Hu 
Vk-HMFG1). Amino adds nnmbering and definition of die CDR. and 
fiamewoik regions ai« from Kabat et al (1987) Sequences of Proteins of 
hamuno2ogical Jhterest, Edn 4. US Dept iof HeaMi and Human Services 
PubEc Health Service, NIH, Befliesda, MD 20892, USA. 

The mediods described by Bird et al (1988) Science 242, 423 or Huston ^ 
al (1988) Proc Natl Acad. Sci. USA 85, 5879 aie applied to the nucleotide 
sequences described in Figure 12 to generate genes encoding SoFv &r 

HMFGl andScFvfbrHuHMFGl.UsinKthoreeo mhinantnNA 

described above it is straightforward to fiise a tegiDn of DNA encoding the 
ScFv for HMFGl and ScFv for Hu HMFGl to the membrane spanning 
region of mb - SCF hi done pRqiSmb - SCF. Example 1 describes 
conatroction of pllq,8rab - SC3P. The memhiane spamiing retgion of SCF is 
fixnn die proteolytic cleavage site coded by exon 6 m the C ^ temiinus of 
the peptide (Hamel and Westpbal, 1997). 
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•Hie andDo add sequences of fte Vh and Vl diains of H17E2 are disclosed 
in 'Monoclonal antibodies - applications bx clinical cmcology", pages 37-43, 
1991, A^. Epenetos, ed.. Oilman & HaTi^ UK. 

Nadeotide seqaences encoding fibe Vh and Vj. chains aie «sadily d^vad 

feom the amino add seqaence vsJDg fee genetic code and an ScFv can be 

made fiomtficsequQicBs using die methods of Bird efaZ or Huston a/ as 
described abov& 

Once the mb - sea? - ScFv denes have beea constructed iliey are 
transfoiined into a viral packagiiig cell line as outlined in E^caniple 2. Vital 
particles incQipcffating the nab - SCP ScFv peptide can be produced as 
outlined in Exan^le 3. 

Viral paitide wMch have successfully incdipotated the mb - SCF - ScFv 
pqitid© can be enriched fiom the total population of idial partides using 
inunmjological methods, wdl known to - those skilled in the art For 
ftcample. an antibody that recognises the ScFv molecule can be conjugated 
to, for ejcan^plts. a cohimn or a similar supporting matrix. Total viral 
pardcles are passed through the column, and only those vital partides that 
have inccporated the mb - SCF - ScFv peptide wiU be retained. After 
removal of the unbound viral particles, die bound viral particles can be 
released fiom the columi^ Alternative methods may be used T*herem the 
cohmm, or a similar si^Rpottrng mattix, supports an antigen which «e mb - 
SCF - ScFv peptide can bind to. One sudi antigen is the polymorphic 
epilheHal mndn (PEM) core peptide encoded by muc -J. Methods 
employing HMFGl and Hu HMFGl and/or usmg the epiflieKal mucin 
(PEA<0 core pqrtide are disclosed in WO 01/72336 and WO 94/10323, 
Tvhose contents are heidn incorpotated by reference. 
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Eacample S: Ui^ of yiral particles of the iurantion for gme transfer. 



The ability of the viral paHicle^ of the invention to &cilitale trmsductioa of 
qoiesc^iit target cells is t«ted as described below. 

The TF-*1 cell Hue was developed ficon aa eryffaroleakaeEmic patisxt and 
probably equates to cell attested at an early stage of megakaryocyte 
development (Bagnis et al.^ 1994). The ceDs can only be grown in the 
presence ofgrowthfiu^tors, the niostnsualbdng 11^ or GM-OSF to wMch 
tbey r^pond very sensitively. They also are capable of dividing in r^onse 
to SCF though this response is significaafly weaker; These cells can easily 
be rendered quiescent by withdrawal of growth fector supporL We used 
thrae cells as targets for rdroviral transduction, follpwiiig induction of 
quiescenca 

In this exmnple the viral packaging cell line can produce viral particles 
containing nucl(^ acid encoding tb& reported gene fi-gal&ctosidase^ Hiis 
may be done fay transfecting the sanie plasmid we had constructed 
containing the mbSCF cDNA (pRepStnb ^ SCF) into retroviral producer 
cells transducing a retroviral vector encoding the gene for fi-galactosidase 
(NLSlacZ). This bact&rial enzyme can be used in conjunction with synthetic 
substrates to pipduce a blue staining reaction when active enzsme is 
present. Accordingly, in these experiments, suwessfiiUy transduced cells 
will stain blue following virafly m e d iate d gen e tranisfar. The resulting 
producer line is identified as LacJP. Inmninofhiorescent staining of the 
LacIP cell line with anti-SCF antibody win show the presence of the surfece 
bound SCF, as discussed in Example 2. 

TF-1 cells in exponeotial growth are removed from growth factor and 
incubated ovemi^ to allow them to become quiescent TF-1 cells are co- 
cuhured overnight with the retroviral particles incorporating mb — SCF as 
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discnssed above. FoHowing (xwsultmB, the TF-1 cdls are removed, 
collected onto nueroscope slides and stained for B-galactosidase production. 
Cdls that are cocnltured on tlie parent prodocer line wiU show no evidence 
Sar retroviral transduction, hi contrast, some of the cells flxat axe co-cnitured 
widx flie SCF ptodocer cells -win be found to be positively stained. This can 
confirmed as cycling TF-1 cells by doubly-labelling the cella with titrated 
thymidme (3H). This ladioactive nucleoside becomes mccjaporated into the 
DNA of dividing cells and can be detected by autoradiographic deposMcm 
of ffllvcr grains in a photogr^hic emulsion into Mvtdch the sUdes have been 
dipped, a is esspected that many of ihe transduced TF-l cells will also 
showed the presence of silver grains, indicating that cell division has taken 
place. 

Thus, these esqieriments wiU show that expression of a suiface bound 
growth fectqr by letroviial producer oeUIines is aMe to fedlitate die 
retroviral tranfiducti<OT of a quiescent t&rssi cdl pppulalian and ihei^fare 
enable the retroviral-mediated transfer of genes to celb that would normally 
be re&actory to this tedbrnqae. 

Example 9 Use of vM particles of the invention for gene transfer in 



Viva 



The foUowmg example descnbes a procedme to nse the viral particles of the 
iuvendon for gene transfer. The viral particles aro derived fiom a viral 
packaging ceU which expresses a passenger peptide binding moti£ The 
ejtpetiments listed below can be used to examine whether a viral particle 
mcoipoiatii^, for example, a stem cell peptide binding motif can act as a 
gene transfer vector w vjvo. Obviously, the tissues examined can be 
different dep«3di^g on the ceU type to which the viral particle is targeted. 
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Viral particles vA^ fi-^lactosidase as a reporter geae for gene traiasfer, as 
dfisraibed in lExsaopVt 8^ arc irgected in nade mice $nbcutai^oiisly. Tissaes 
are collected at 1 and 7 weeks after irgedion and expression of the p- 
galactosida^e gene assessed by a faijstodiigznical assay d^cribed below. 

JBBstachemicat staining far fi^atactosidme acdni^ in ceBs 

Cells transfected with combinatians viral particle of the invention are 
washed with PBS and fixed in 0,1% ghit^aldehyde in tBS for 10 raimites 
at room temperator^ flien waslied twice in PBS, and incubated in X-gal 
soliitiacL (5mM KjFeCCa^fo SmM K4Fe(CN)6:3HiO, 2inM MgCb, 200A«gAnl 
S-broino^cMoxx)HindoIyl-p-]>galactfiqpyra^ in N-N- 

dimethylfbiinaniide) for 20-34 hbirrs at room temperature. Expi^sian of 
Che P-galacto9idase gene porodoct In cells can be detected microscopically by 
an indigo blue colour. ' 

Siidningfor fi^alaciosidase acHyi^ in whole tissues 

"Whole tissues fixini mice, immediately following dissection, are washed in 
PBS and fixed with a solution consisting of 1% formaldehyde, 0^% 
glutaialdehyde>2mMMga2,5mMEGTA, 0.02%NP-40. Excess fixative 
is i-kuuuved after 1 hour by washmg m i^^S, and tHe sample incubated 
overnight in the daric with staining reagents (5niM KgFeCCN)^, 5xnM 
K4Fe(CN)6:3H20, 2mM MgCl^, 0.02% NP-40, Img/ml X-gal [S-bromcMl. 
chloro-3-P-D-galactopyraao3ide; Promega, Madison Wise, USA]) in PBS. 
All procediares are carded out at room tempeiBture. Samples can be 
ex;amiiied by low power light microscopy and areas of hhie stain scored in 
whole tissues, alternatively for confirmation, sections (]-2mm) can be 
excised fircon areas of stained tissue and observed at Mgh magDificatLotu 




The tissue fbat can be asrayed for reporter gene cxpacession include, for 
essBsxipU:, spleen, liver, kidney, brain, skin, heart; spinal chord, nniscle and 
parotid gland. 



The data wiU show fbte relative levels of blue coloration observed 
histochcmically, and, hence, flie degree of gene transfer. 

Since sustained long-term eaqmession is a desirable conqmneni of gene 
fiier^y, it is possible to atten5»t to assess this prppetiy in tissue culture, by 
monitai±ng o/ocfas&i^ 

Example 10 Gene targeting to cells of the centra liervous system m vivo 
ttsing viral partideB of the invention. 

The following exan^le describes aprooeduie to use tfee viral particles of the 
invention for gene trausfer to oeUs of the caitial nervous system. The viral 
particles ate derived from a viral packaging ceU which esqnesses a 
passenger peptide binding motif that can specifically hhid to oedls of the 
central nervous system. Bxanqiles of possible peptides ara wdl known to 
those skilled in the art, for erample, antibo<ites against AMPA and NMDA 
iBceptors (Pickard et at., 200(9 or alpha(2A>Adrenoteceptors (Hurt et al., 
2000). 

Six wedc old female nude (iw/nu) nrice are injected subcutaneously at the 
back of the neck with viral particles of the invention, as described above. 
Animals are killed by cendcal dislocation 1 or 6 weeka post hy-ection and 
major organs snap frozen and stored at -70*C. One quarter of each oigan is 
washed m phosphate buffered saline CPBS) incubated m iix (1% 
fonnaldelorde, 0.2% gluteraldehyde, 2 mM MgCh. 5 mM EGTA, 0.02% 
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Nonidet P40 in PBSX washed and incoteted ovmu^ at locnn temperature 
in X-gal sohrtian (3 mM KjFeCCN)^ 3 mM KsFeCO^c, 1 mM MgCli, 
0.05% S-hronio-4M?Mar-3-iEdoly-P-I>-salact^^ in PBS)- 

Bozyxnatic adtvity, detectel by deposition of blue product, is detemiined by 
eye or low power light microscopy. 

The tissues that can be assayed for reporter gene essLpression mdnde: spleen, 
Hver, Iddney, brain, skixL, parotid gland. In particular, spinal tissues and 
otiber central nervous system tissues can be assayed 

^The data will show liie rdalive levels of btae coloratian observed 
histochemically, and, hence, the degree of gene transf^. 

Usiag such a method Ihe degree of specifitcity cojifejxed by the peptide 
binding motif to the viral paxdcle and the level of gene transduction can be 



^Example 11. Odier virad particles that can be used in fbe hxventioiL 

Whilst the foiqgoing example used a retroviral vector based on the PINCO 
and pBabe MLV retrovirus, it be appreciated that tSiis was only for the 
pmpp^es of illustrating the inventLon and was not meant to limit the 
iuvCTition- The following are examjjles of other viral vectora that can be 
employed in the method of the invention to produce viral particles wifli 
passenger peptide binding motife. 



LentiVector is a kntivirus — based vector system produced by Oxford 
BioMedica. They are based on HIV and Equine Ijafectious Anaemia Virus 
(EIAV) 



pVPacfc is a MLV - b ased vector system produced by Stratageoe. 

The Paotropic Retroviral E^qEMrassicai System pfodaced by BD Bioscle^aces 
uses an ezLvelope glyocpoiiteii dedv^ from vicsicular stomatitis vims. 

Bctro ~ X system^ agaia poDOduced by BD Bioscietices^ is dedved jErom Ibe 
MLVviruS- 

Other examples -will be within flie knowledge of skilled persons. 

Example 12: Adnunistration of viral pailicles of tiie invention to 

The aforementioiied viral particle of the invention may be administered by 
any conventional method including oral mid pareat^al (eg subcutaneous or 
inizanmscular) ioyjectLQzi. Aprefeoedynethod of admimstrad 
of a nasal inhalation sprays in -winch the viral particles are produced as in an 
aerosoL Such an approach has been used in Ihe gene fherapy of cystic 
fibrosis as an effective way of dehvestug the tfaerapeatic agent to lung 

qpithelial cells- The treatment may consist of a single dose or a plurality of 

doses over a period of time. 

PhatmaceuiUalformuUtiSons 

IVhilst it is possible for viral particles of the invention to be admmistered 
alone, it is pr^jraUe to prosent it as a pharmaceutical fiirmulatiQii, together 
witih one or more acceptable caiziers. The cazdecis) must be "acceptable"' in 
the sense of being conrpstible with ihe viral particles of the invention and not 
deletacions to Ihe leopients thereof. Typically, tiie earners will be water or 
saline which will be sterile and py^3gen-fiee^ 
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The fiillowms examples aiwtjate phannaceulical fennalatiflins acoading to 
the jtarentian in the viral p 

IR-rampleA: Tablet 



Active ingiedi^ 


100 mg 


Lactose 


200 mg 


Starch 


SOmg 


PolyvinylpyirolidoDtie 


Sing 


Magnesimn. stearate 


4ixig 




359 mg 



Tabl^ Bie prepared from the^fbiegoiiig ingcedieats by wet granulation 
followed by compcessicm:. 

^RTfample QplTthalTnin finliiftinn 

Active ingDQdietxt 0.5 g 

Sodiuin cJiIoride^ aii£klytical grade . 0.9 g 

Haiomersal 0.001 g 

Pmified water to 100 ml 

pH adjusted to 7.S 

jRrample C: Tablet Fomiulations 



The following foxiOTilatiQtts A and B are prepared by wet graxudatiQn of ttie 
ingredieaits with a sohitifm of povidone, followed by addition of magneshnn 
steaiate and coxxipressioa. 











fil 




r^ormuiotKm A 










ros/tahlet 


(a) Active iiigEedieiit 


250 


250 


(b) Lactose Bl>. 


210 


26 


(c) Povidone BJ». 


15 


9 


(d) Sodiura StarcJi Glycolate 


20 


12 


(e) Magnesium Steazate 


5 


3 






500 


300 



FormulatkmS 



(a) Acdve ingtedknt 


250 


250 


(b) l^Ktose 


150 




(c)AvicdlPHl01® 


60 


26 


(<i)PavidcaieBJP^ 


15 


9 


(e) Sodium Starch Glycolate 


.20 


U 12 


(f) Magnesium Stearate 


5 


3 




500 


300 



Fomadiftion C 

Actcve ingre dimt 
Lactose 
Starch 
Povidone 

Magaesiisn stearate 



mg/tablet 
100 
200 
50 
5 * 
4 



359 



The following finmulBtions, D and E, axe prepared by direct oo tmpi e ssi oa of 

fte admixed iogiedieals. Ilie lactose used in fimnulaticm Bis of die duecticn 
compressitm type. 



xn^capsule 
Active Ingtedient 250 
Pregelatimsed Starch 150 



400 



FantndatkmE 



Active Ibgiedient 250 
Lactpse 150 
Avicel® 100 

500 



Farmtdation F (ControUedtteiease Fonmd^on) 

The foonolafiott is jprqpared liy wet granulation of ttie ingredienis (bd£w) 
with a soluttaa of ptradcme followed by die addition of magnesium steaiate 
aod cQiqprassiQn. 
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Active Jiigpediezit 5qq 

HydimypropylmethylceUnlose 112 

(Mefhooel K4M Premium)® 

Lactose B J». ^ 

Povidone BJ».C. 28 

Magnesimn Stearate 7 



700 



Drag ideas6 takes place a p«iod of about 6-8 Jli<nttB 
afierl2jhouis. 



FormuHationA 

A capsiile formulation is prq^i^ 

D m Exaiz5,le C ^ove and fiUfaig into a twd-part W gelatin 
Formuladm B 

mfi/cansule 
Active i^gredieait 250 
Lactose BJP. J43 
Sodima Starojh (HycolatB 25 
Magnesium Stearate 2 



420 



Formukttian C 

ActivBiiigredieiit 250 
Maoipg6l4000BP 350 



600 



C^es aiepteparcdbymett3ngfteMa(m>gol4000BP, di^^ active 
ingiedieat in the melt and filling tlxe meh: into a two-part hard gslatixi c^isdI©. 



JFormuIaium D 

m g/capsnle 
Active insredkxrf 250 
Lecithin 100 
AiacWsOa 100 



450 



Capsules are prepared by dispersing ihe acstive mgredicnt in the lecithin and 
giachis oa and fii^^^g the dispetsian into soft, elastic gelatin capsades. 



FormidatUmE (Controlled Release C<g}sule) . 

The foflowing oantrolled idease capsule ftamolatiaii is ppqiared by extruding 
ingcedicDls a, b, and c using an cxttoder. followed by si*eronisatLoii of the 
erinidate and drying. The dried pellets are diea coated Twfli lelease- 
comroUing msmhrane (d) and filled into a two-picce, hardgdatin capsule. 
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Jne/capsnle 
AoiveingtecEQit 250 
Microur>vtalliiie CelMose 125 
Lactose BP 125 
£4ol Cellulose 13 

513 

AdivBii^giBdiest 0200 g 

Sterile, pyrogea See phosgphat© buffer CpH7-0) to 10 jnl 

The aclive ingredient is dissolved iu most of tibie phosphate buffer (35-40^, 
then made up to vohnne and filtered thtough a sterile micropore fflter mto a 
sterile 10 ml amher glass vial (t^pe 1) and sealed wifli st^ closures and 
ovesseals. 

Eyanmlflt?' TntiarnnQmlc T injection 

Active ingredient 0^0 g 

Benzyl Alcohol qjq g 

GhicofurolTS® 1.45 g 

Wa±er for Injectiaa q.s. to 3.00 ml 

The active ii^dieat is dissolved in the glycofuioL The beozyi alcohol is 
flien added and dissolved, and water added to 3 ml. The mixtote is then 

ffllerad fhrongh a sterile xniaqpore filer and sealed in steals 
(lypel). 
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BRgmpla rtr Svny Snspension 



Active isgredioic OJZSOOg 
Sorbitol SdhitiQtt 1^000 g 

Glycerol 2.Q000g 
DispBisible CdOidose 0.0750 g 

Sodium Benzoate O.OOSOg 
Flavour, Peach 17.423169 0.0125 ml 

Fqrified Water q.s. to 5.0000 ml 

The sodiixai bmzoate is dissolved In a portion of fhe purified water and the 
saiintol solutian added. The active ingredient is added and dispersed. Id tihe 
glycerol is dSsp^^d the -fiuckraier (dispezsible cellulose). The two dispersions 
are mixed and made to the reqimed volume -wilh. the pudfied water. 
Further duckesouig is achieved as required 1^ extra, sheaiing of the suspoisian. 

TCTramp1<^H: SuppositOTv 

mp/gfTpprtft ttorv 

Active mgredient (63 pm^ 250 
HaidFat,BP(WitepsolH15-DynamitNobeO 1770 



2020 



♦The active ineredient is used as a powdftr whmMn at ii^ct Qn% nf 
jHTticles ate of 63 luad&metBr oar less. 

One fiSSi of the Mtepsol H15 is m^ted in a steamrjacketed pan at 45^ 
maTonxom. The active ingredient: is sified tibron^ a 200 pm sieve and added 
to die molten base wifli jxuasmg^ using a satversQii fitted wilh a cutting head, 
until a smooth dispecsion is achieved. Maintaining the mixture at 45°C, the 
remaining 'Witepsol HIS is added to the suspension and stored to ensure a 
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homogenous arix. The »iii»]siispensioii is passed fl^^ 
steel screen and, wiib contizmons slirruig^ is allows to cool ta 40^, At a 
ten^jeratare of 3 S^C to 40^ ZQ2 g of the xrmrture jis fill ed into suitahte plastic 
moulds, Thesi55)ositoriMareaIl0wedtocooltoi^^ 

Examp le I: l>essarieg 

sag/pessaiy 
Actiro ingredient 250 
Ax]ihydrBtB Dextrose 3go 
Potato Starch 353 
Magnesium Stearafe 7 

1000 

The above ingredients are mixed directly and pessades picpaxed by direct 
conopression of the resulting roixtore. 

ointments 

(see Remington: The Science and Practise of Pharmacy, 19^ ecL, The 
, Phaadelphia CoUege of Pharmacy and Sdence, ISBN 0-912734-04-3) 

EtamnlpK: Mir^^j phere ftt^ iTlatirtrio 

The -wial particles of the inventian may also be deliveted using microsphere 
fommlatioiis, such as those described in Cleland (1997). Phaytn. Biaiechnol. 
10:1-43, Lee (2001) Curr. Qpin. Biotechnol H:8I-S4, Qeland et al. (2001) 
J. Control Release 72:13-24 and Tak^uchi et aL (2001) Adv. Drug, Delie. 
Jieu. 47:3S>-54. 
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Example L Dry Powdg - Tntialaif 
The viral particle oftfaeinvendonximyiTedeliv^ 

aid of a dry powdear hh^er ddiveting micronised particles in metered 
quantiti^ bs d^cribed in Aiisd (1999) FJurnnacetOical Dosage Forms and 
Drug Deltv^ S^ysiBms, lippincott Williams and Wilkins. 

Example M ActosoT TnTial^ pn 

The viral pafticl^ of the invention may be defiveced by inhalatioi], vn^ the 
aid of a suitable inhaler delivering midonised particles in metoted 
quantities employing a nan CFC propellant as described in Ansel (1999) 
PharTHacetitical Dosage Forms and Drug Delivery SfysiemSj lippincott 
WHliams and Wilkin& 

The fommlations may ODnvenienHy be presented in unit dosage fomi and 
maybepreparedby any of themeftiodsweU]aK>>vnin^ art of pharmacy, 
Snch methods include the step of h™g|tig into assodation the active 
higredient (viral panicles of fbe invention) with the cartiei: which constitutes 
one or moxe accessory ingtedients; In general the fommlations are prepared 
by nnifomdy and intimately bxjnging into assodation tiie active ingredient 
with liquid carriers or finely divided solid carriers or bofli, and th m , if 
necessary^ shaping the product 



Formulations in accordance with the present invention suitable for oral 
administration may be prraented as discrete units such as capsules, cachets 
or tablets, each containing a predetermined amount of the active iiigiedien^ 
as a powder or granulra; as a sdution or a suspension in an aqueous liqiud 
or a non-aqueous liquid; or as an oil-inrwater liquid emulsion or a water-in- 
oil liquid emulsion. The active ingredient may also be pzesented as a bolus, 
electuary or paste. 
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A tablet may be made by compression or moulding, optionally with one or 
more accessory ingrediesnls. Compressed tablets may be prepared by 
compressing in a sniiable machine the active ingredient in a free-flowing 
form sucb as a powder or granules, optionally mixed ^ a binder 
povidone, geUlin, hydroxyiOTpj^ellyl cdlnlose), hjbiicant, inert diluent, 
preservative. (Hsintegrate (pg sodimn starch glyoollafe. cross^linked 
povidone. cross-ImkBd sodium carboxymefcyj ceUijlose), suifeoe-active or 
«fiq>eraing s^gBUt Moulded tablets may be made by moulding in a suiiable 
machine a mixture of the powdered coriipound moistened with mx inat 
liquid dihient The tablets may optionaUy be coated or scored and.may be 
fenrmkted so to provide slow or controlled release of the active 
h^nedioit therein using, for eeample, hydroxypiopjdmefliyi ceflulose in 
varying proportions 1o provide a desired release profile. 

Foramlations suitable fer topical administration in the mottlh inohide 
lozenges cooiprismg the active Mgredient in a flavoured basis, usually 
suaose and acao'a or Hagacaafh; pastilles comprisiiig the active mgr^eat 
in an inert basis such as gdatiii and glycerin, or sucrose and acacia^ and 
moufh-washes comprising the active ingredient in a suitable liquid carrier. 

Formulations suitable for parenteral adnimstxation inchide aqueous and 
non-aqueous sterile mjection solutions which may conlam anti-oxidants, 
buffers, ba^eriostatis and solutes which «nder the formulation isotonij 
with the blood of the intended reoqnent; and aqueous and non-aqueous 
sterile suspensions T^duch may include suspending agents and thidcemng 
agents. The formulations amy be presented m unit-^ose or mnlti-dose 
containers, for example sealed anionics and vials, and may be stored in a 
fieeze^ed (lyqphfliaed) oonditian requhing only the addition of the sterile 
liquid carrier, for example water for ugections. hnmedialely prior to use. 



I 
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EsLtempoxaneons injectLoa solutions and snspexisioas may be pdreparod fiom 
stedle powders, gtaimles and tablets of the kind pievionsly described. 

Ptefened unit dosage fbnnulaiions are those containijig a daily dose or unit, 
daily sub-dose or an appiopxi ate faction lfaej?eo^ of an active ingredient 



It should be underatood ibat in addition to fhe ingredients particularly 
mentioned above the focmiilatiQns of tibia inventioEn may include otber 
agents conventional in the ait having regard to the type of foimulatioji in 
qnestion, £3r example those suitable fyr oral administration may include 
flavowiiig agents. 
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Qaims 



1- A method of xnakxag a virai particle Iiaving a modified cell binding 
activity congnising: 

(£) pcoviding a viral packaging cell contaimng viial nuddc acid 
encoding a viral particle baving a first cell binding activity; 

(ii) liie viral packaging cell also cantaiEiing midl^c acid encoding a 
passenger peptide binding moiety; 

(pi) expiessing the viral nucleic add and mideic add encoding the 
passenger peptide binding moie^ so that a viral particle bods fixan a 
padc^jng cell membrane and tbe passenger pq^tide binding mdefy is 
provided at a cell mCTihrane suc^ liiat the passenger i>eptide binding mcriety 
is incoxporated into the viral particle to modi^ its first cell binding activity. 

2. A method as claimed in Claim 1 vvberain the peptide binding mdety 
is provided at the ontea: plasma membrane of the cell. 

3. A mediod as claimed in Claims 1 or 2 whseui the viral particle is 
derived Ii'om a retroviral vector. 

4« A method as claimed in any preceding claim wherein the passenger 
peptide binding moiety is a cell groivth factor. 

jS. The method as claiTned in Claim 4 wberftin tbe growth factnr is 

membrane bound stem cell factor. 

6. A noeffaod as claimed in Claims 1^ 2 or 3 wheietn the passenger 
peptide binding moiety is an antibody, or an antigen binding fragment 
thereof. \ 
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8 A melhod as claimed in Oaiois 1. 2 or 3 ^h«ein tto peptide 

l^n.oietyisatleastpaxtofam«oberofabi«diBgpa5r^^ 

toset-c^spcdficcen-suxfeceieceptoranditsligand. 



9. 



, A iiefliod as claimfid in any precediiig claim wh^ein the viral 
pad^g cdl line conipdses additional ^acldc acid ^ch can be 
exiHressedto pnmdeabtoactivB agent wWch is ac^veinorm 

10. A mediod as claimed in Qaim 9 wlcrein the Woactive asent is of 
lase in the pr^^oA and/or treatment and/or diagnosis of a disease or 
disorder. 

11. A melhod as claimed in Qaim 9 ^ei^i ihe hioactive agent has a 
direct or indirect oytotaadc fcnction- 

12. A naethod as claimed in Claim 1 1 wh^ein ihe bioactive agent is any 
one of licin; tumour necrosis fector, inberlealdn-2; interferon-gamma; 
ribonuclcase; deooiyribanuclease; Pseadoroonas exotoxiji and caspase. 

13. A method as daimed in Oaim 9 wh»«n ihe Inoactive agent is an 
enzyme c^ble of carvcEting a relatively non - mxic pro - dmg hito a 
cytotoxic drug. 

. 14. A mefliod as claimed hi Claim 13 wherein the hioactive agent is 
cifhfix cytosine deaminase or thynridhie kiaase. 

15. A mefltod as olanned in any precedhig claim whetein the modified 
cdl binding activity allows ihe viral peptide to bind to atarget ceU. 
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16. A metfiod as claimed in Claim 15 wheran target cell is a 
jnammalian cell. 

17. A method as claimed in Oaim 15 whereiiitibetai^ 
ceo. ] 

18. A meJfaod as claimed in Claim -15 wherein target cell is a quiescent 
cell. 

I 

19. A mefliod as claimed in Claim 15 wherein target cell is » human 

haematop<>ietic stem c&Il. | 

I 

20. A mefliod 88 claimed in ClaimjlSvAerdn the target ceU is 

1 

cdL I 

i i 

21. A method as dahned in Qslim 15 wberdu the target cefl is a 

T naTnTnalian T - CelL 

22. A viial particle having a modified cell binding activity obtainable by 
a method as claimed in any preceding claim, &e modified ceU binding 
activity bdng conferred by a peptide; other than a chimaedc viral envelope 
polypeptide. 

I 

23. A viral particle having a modiised cell binding activity obtained by a 
method as claimed in any preceding claim. 

24. A melhod of prepanag an enriched population of a target cell type 
fiom a larger population of cells wherein: (1) viral particles of any one of 
the precedmg claims, havmg a modified binding activity for target cells, are 
exposed to a population of cells comprising the target cdl type to pennit 
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binffiog to ihfi viral particles; (2) viral particle bound to tergpt ceDs are 
tei separated from papolaticm of cells; opliojially, the viral 
particles are subseqaeally lemovted from the target cdls- 

25. Use of a viral particle of any one of Uie preceding claims in 
medicine, 

26. Use of a viral particle acconding to any of ihe preceding claim)? in 
iiie mamijactore of a medicament far the diagno^ and/or pieveation and/or 
treatment of a disease or a disorder. 

27. Use of Ibe viral particles of any one of the preceding claims in the 
manu&ctme of a ntiedicameot for tlie diagnosis^ and/or prevention and/or 
fxeatoifiiit of cancer. 

28. Use of the viral pazlicles according to any of the preceding claims in 
gene transfer. 

29. Use of a viral particle according to clahu 27 in the mamifacture of a 
medic^onent for treating a mammal having a defective gene, wherem 
nucleic acid encoding a bioactive agent for diagnosing, and/or previeciting 
and/or treating a disease or disorder is inserted into the genome of a 
population of cells in vivo by ioqplpitation into bone marrow or by mfiision ' 
into a blood. 

30. Use of iStie viral particles accarding to any of the x^rececfing claims in 
the manuf^tuie of a vaccine. 

3h Use of the viral particles according to any of ttie piweding claims 
in the manufectore of a preparation fojr use to present antigernc peptides 
to mammah'Rn T - cells. 
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32. A phammce?iitical CQn5>osition caixiprisiiig a viral jaiticle according 
to any oDiS of claims 10 to 23 and aphannacidically accepta^ card^. 

33. Any novel saTigoot mait^ disclosed lierdn. 
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ABSTRACT I 

■ 

Mefliods of makhig biological mafmials and uses tfaereof 

The present invemioa xdates tb a meliiod for packaging viral particles such 
that ODB or more peptides on|tbe sor&ce of the virus particle axe doivcd 
fiom ^ packagmg cell. By iacoipQcatnig certain peptides it is possible to 
target vial particles to specific cell types. Such a systam is of use, for 
example, in gene dier^y tteatinents. 

j 

Figure 18 
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Fi;giire2» Sdicnntic diagram of SCFcEfNA. 
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Pdmersequenccsarc described inlvkterialsan^ 
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Lane 




F^Uve 3j 2% Agarose £el electropJioresis of KT-PCR product from 
L99.5 fiNA, aaipliCied with SCB piimeis. Lane 1: 
lOObp molecular weight majrker; Lane 2; tCR of LM.S cDNA wlthSCF 
MF and MR Primers. Three distinct bands Were observed, a $13 bp 
fragmem indicatiVB of fiill length SCf giving rise to the soluble isoform: 
an 829 bp fi^gment giving zlse to the membrane-bound SCF (mb-SCF) 
and; an unidentifled fragment between 700 and aOObp, a PCR artefact or 
posaibly anotlier sspLce variant of the SCF. The S29 bp (mb^SCF) 
fragment was carefuUy sliceid out gel purified tistag the Advantase PCR 
pore kit and doaed into pdftlLl (TA) cloning vector. Lane 3: Control 
PGR product from cDNA of L88.5. amplifying che GAPDH gene product 
of 3S0 bp using CAPDH specific primers. Lane 4: RT-PCR prodtiCb 
fromreverse transcribed cDNA without reverse transcriptase ao template 
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Lane: 



1 2 3 4 5 



1164 bp 
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PlguTB 4 PCR detecaon of rccombUtant plasmids in engjneexed packagiDg cells. The 
recombinant plasmid, pRepBmb-SCF. was transfected by calcium phosphate precipitation into 
thB Phoenix ecotioplc cell line. Stable; doncs obtained were propagated and trypsined when 
cells were about S0% confluent. Two mjlcrolitres of a cell suspension (from Clone 3) containing 
th^ cell? were subjected to PCR analysis using PrepF and EBVR primers to detect the 
presence of tbe plasmids. Lane 1: lOQ bp molecular weight marker. Lane 2; untransfected 
ecotropic packagtag cells. Lane 3; two lil of Phoenijc ecotropic ceU suspension. transfect<»i with 
pRepflmb-SCF, Lane 4:pRep&mb-SCF jcofitrol DNA as template for the PGR, Lane 5? negative 
contro], i.a water as template DNA. The expected amplified product of 1164 bp was observed 
in lanes 3 and 4. 
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Figure 5. Immunofluorescence assay of Plio«mx Bcotroptc packaging ceD line transjfected 
witli pRepSmb-SCr. Top pan«I:TfansfertBii cells were firown on glass cover slips 
m<t fixed with metHanoL The cover sbpa were stained wJtij anti-SCF antibody, washed 
twice with PBS and stained with a Fluonjscent labeUed secondary antibody. Cover slips 
were mounted on to glass sHdea and viewed under a UV nricroacopc (mag 400X). The 
figuw demonstrates intense surface staining. Bottom panel: Negative controls of un- 
tranafecied Cells. These ceUs were npc fluorescent. The exposure time required to capturs 
the nogaUve control Images (cells) had to be alsntflcanUy increased. 
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figure 6. FIcrw eytometty analysis of retroviral packaging ceils. A- Unmodi- 
fied ecotropic retroviral packaging cells. B. Clone 3 packaging cells oxpresa- 
ing Ipgb levels of mb-SCF proteins. C. Aetravlral packaging c&Us expressing 
CD59. 
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jlgnns 7. Comparison of retroviral tStres. Retamial titles ftum 3 experimfiois ^ 
detemnned onMH3T3 cdlft. Tto inb-SCF nwdificd pacJcagms ceDs showed a sKgbt 
ststisfnsalfy Jnsisni&jmt dectease in titre (pairtdtteat P=0.5) 
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Figure «. Western blot 9n»lyste of nstrovlirf paHicIes. Top panel: ret 
lOVlral particles expressing the SU porOon of the envelope. Middle panel, 
retrtvlral particles «cpressUlg mb-SCF. Bottom panel, retroviral paroles 
expressing CD59. a natmally occvixing proiein on the packaging cc^. Lane 
assignments; Lane 1: Ketrovlral pardclea obtained from stable mb-SCF 
producing ccotioplc cells . Lane 2; unmodified ecotropic reirovir^ par- 
ticles: tane 3: RetrovitaJ particles obtained transiently from mb-SCF 
ecotropic packaging cells. 
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A/lnis Binding Assays 
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Rgnre 9. Retroviral binding assays. Rstniviiua was incubated with target cells and the cells 
stained ferbound virus using antt-retroviral envelupe mnnDclonal antibody. Panda B-D show 
the virua binding data (gteen trace) siiparimposed an tiie control q>ectnini (grey) ftma. Panel 
A. Panels G and H shdw Hib vinis binding data as die heavier black trace si^rinjpased an the 
contiol (grey). A) Mo7b cells alone; B) Mo7e + Ang>batappic ViiuS ; C) Mo7e + EcOtrppic 
Vims; D) Mo7e + SCF-Ecatropic Virus; Panels E and F. Staining of Mo7e adls widi 
antibody to c-kit (black trace), copmpaied to an isotype control (grey trace) before (E) and 
foUowing (F) avBmight insnbation wifh lOOngAnl SCF. G) »&)7e cella from panel F + 
Bcofcupic ViniS J H) Mo7b cells fiompamal T» + Mo7« + SCF-Ecotxapic Viras. 




Figure XO. Pltjliferatian assays nfiSug retroviral paxGdes. 
incorporating nix&cc SCF. 
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